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The Many Molecular Mysteries of Melanoma 

Brian J. Nickoloff 


1. Introduction 

Melanoma of the skin is one of the most rapidly increasing malignancies in 
both young and old patients (1,2). Not only is the incidence increasing, but the 
number of annual deaths from melanoma is also on the rise worldwide (3). In 
the United States, melanoma will be diagnosed in 43,000 new patients each 
year and be responsible for 7300 deaths (1 death every 72 min). The capacity 
of melanoma to develop in young patients is reflected by the rather alarming 
statistic that it has become one of the top causes of death in both men and 
women between the ages of 25 and 40 (3). Indeed, among Caucasian females, 
melanoma is the leading cause of death from malignancy between the ages of 
25 and 29 (3). It is expected that by 2002, 1 in 70 Americans will develop 
melanoma during their lifetime (2). Also, melanoma is second only to adult 
leukemia as the leader in the number of potential years of life lost, which is 
significantly greater than for patients with cervical, breast, and colon malig¬ 
nancies (4). Despite the frequent presence of melanoma and major associated 
health problems around the globe, only recently have clinicians and labora¬ 
tory-based researchers begun to unravel some of the molecular mysteries of 
melanoma (5,6). The puipose of Melanoma: Methods and Protocols, published 
as part of the Methods in Molecular Medicine™ series, is to provide an up-to-date 
review of the many advances that have taken place during the past several 
years involving the pathophysiology, diagnosis, genetic analysis, and treatment 
approaches for patients with melanoma (7). 

Although the bad news is that the incidence as well as morbidity and mortal¬ 
ity rates for melanoma are on the rise, the good news is that our knowledge has 
tremendously increased across many clinical and scientific disciplines (5-7). 
The challenge for compiling a valuable multiauthored text containing contem- 
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porary viewpoints, scientific facts, clinical treatment protocols, and other dis¬ 
coveries is to select authors who can contribute their ideas and present the 
state-of-the art techniques from a rather broad-ranging set of perspectives. 
Thus, this book is written by a quite diverse group of individuals who share 
several unifying characteristics. First, the authors all are involved in the clini¬ 
cal practice of medicine either directly as surgeons, oncologists, tumor immu¬ 
nologists, or pathologists, or have decided to focus their investigative talents 
on working closely with these clinicians. Second, and perhaps most relevant 
for their selection to contribute a chapter in this book, is that they focus on the 
molecular basis of melanoma. Third, the authors have agreed to include in 
their respective chapters all relevant literature citations with an emphasis on 
the most recent available data. Fourth, the authors were encouraged to reduce 
their experimental procedures to a practical level so that others not familiar 
with specific techniques could use these important approaches in their own 
laboratories, hospitals, and cancer centers. Finally, despite the difficulty in 
translating scientific discoveries into clinical practice, each author was encouraged 
to select the most medically important advances in their respective areas and 
highlight the relevance of such findings for clinicians caring for patients with 
melanoma. 

This book provides a rich admixture of clinical perspectives, cutting-edge 
technological advances, including narrative overviews, as well as specific and 
detailed laboratory-based protocols. The emphasis on molecular biology 
throughout reflects the progress made in delineating the genetic basis for mela¬ 
noma, a forward-thinking approach to rendering molecular-based diagnostic 
reports, understanding the immunobiology of melanoma, initiating vaccine- 
based gene therapy to treat patients with melanomas, and using the tools of 
genomics (i.e., DNA sequencing, cDNA microarray analysis, and proteomics) 
to facilitate future progress in the field of melanoma. 

2. From the Microscope to the Molecular Diagnosis of Melanoma 

During the past 15 yr as a practicing dermatopathologist, I have witnessed 
many changes in the field, particularly regarding pigmented skin lesions. Dur¬ 
ing my initial training in Boston, pathology reports of melanoma focused pri¬ 
marily on the Clark level and Breslow measurements of depths of invasion of 
the primary cutaneous lesion. In the early and mid-1980s, many academic der- 
matopathology units were struggling with delineation of accurate and repro¬ 
ducible criteria for potential precursor lesions of melanoma including 
dysplastic nevi and congenital nevi (8). By examining relatively large data¬ 
bases and using computer-generated multivariant analysis, numerous indepen¬ 
dent prognostic indicators were put forward to assist the clinician in the 
management of patients with melanoma (9). Thus, our current pathology 
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reports include the Clark level (defined as level I for in situ, Level II for mela¬ 
nomas partially infiltrating papillary dermis, Level III for lesions filling the 
papillary dermis, Level IV for melanomas extending into reticular dermis, and 
Level V for melanomas extending into sc fatty tissue), Breslow depth of inva¬ 
sion (expressed in millimeters of thickness from the granular-cell layer in the 
epidermis to the deepest portion in the dermis), presence or absence of regres¬ 
sion, surface ulceration, and microscopic satellitosis, to name a few (10). 
Although these rather objective measurements provide valuable prognostic 
information for the patient and physician, there is still a growing awareness 
and appreciation of the phenotypic complexity and capricious behavior of 
melanoma. Initially, it appeared that one of the most important determinants 
of the biologic behavior of melanoma was primary tumor thickness. The first 
sharp “break point” was set at 0.76 mm in thickness (Breslow measurement) and 
later changed to 0.85 mm. Thus, it was generally regarded that relatively “thin” 
melanomas had an extremely high cure rate, and such an anatomic consider¬ 
ation was frequently linked to the lack of vascularization of lesions in the upper 
dermis that did not grow beyond 1 or 2 mm in diameter before their removal. 

However, it has become clear that many other molecular determinants are 
important to the biologic behavior of melanoma, and the remainder of this chap¬ 
ter is devoted to a brief review of such molecules and the pathways they regu¬ 
late. A very real problem that remains for the dermatopathologist using only 
light microscopic criteria is the inability to predict metastatic behavior in rela¬ 
tively “thin” melanomas (11-14). Before delving into the next section, it is 
important to note that whereas many of the aforementioned “microstaging” 
criteria are relatively objective and reproducible among dermatopathologists, 
the classification of certain nevi that may be linked to melanoma such as 
“dysplastic nevi” has a higher degree of subjectivity (15). Indeed, despite a 
National Institutes of Health Consensus Panel meeting, and numerous attempts 
to define suitable histologic criteria, pathologists still are not able to agree con¬ 
sistently on these problematic pigmented legions (16). Given the limitations in 
rendering meaningful diagnosis when such an element of subjectivity is 
present, it becomes clear that moving from the microscope to a more mole¬ 
cular-based analysis of melanoma (Fig. 1) provides the opportunity to under¬ 
stand better the phenotypic complexity of nevi and melanoma. One of the most 
important new advances in this area has been the use of molecular staging of 
the sentinel lymph node in melanoma patients (17). 

3. Importance of Sentinel Lymph Node Assessment 

As described in more detail in Chapter 17, surgical techniques have greatly 
advanced in the last decade and provide an opportunity to perform clinical 
staging of melanoma using the sentinel lymph node (SLN) biopsy (17). It is 
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Sentinel Lymph Node Status 



Molecular Diagnosis 


Fig. 1. Moving from a morphologic to a molecular-based diagnostic approach in 
melanoma. 

based on the principle that the sentinel node is the first lymph node a metasta¬ 
sis encounters before entering into other lymph nodes (18). Because SLN 
biopsy can be performed under local anesthesia, and because it can detect sub- 
clinical metastatic disease when assessed using molecular-based techniques, it 
provides a new method to stage a patient without a period of clinical observa¬ 
tion previously requiring a certain period of time to elapse before the detection 
of palpable lymph nodes could be appreciated by the physician (19-21). 

A pathologist can generally detect 1 malignant melanoma cell in a back¬ 
ground of 10,000 lymphocytes in a lymph node using routine light microscopy 
(Fig. 2), but the addition of immunostaining can enhance this detection 10-fold 
(17). Flowever, using reverse transcriptase polymerase chain reaction 
(RT-PCR) to detect a simple transcript—e.g., tyrosinase mRNA present in 
melanoma cells, but not B- or T-lymphocytes—can enhance the detection sen¬ 
sitivity by two to three orders of magnitude over immunostaining results (17). 
This is not just an academic exercise, because data clearly demonstrate the 
superior clinical correlation using molecular-based (i.e., RT-PCR) analysis of 
SLNs, compared to more routinely processed morphology-based visual assess¬ 
ments for patients with malignant melanoma. For example, if an SLN is 
upstaged (i.e., by routine light microscopic examination, it appears negative 
for presence of melanoma, but RT-PCR demonstrates the presence of over¬ 
looked or rare metastatic melanoma cells), then there is a significantly 
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H & E Versus RT-PCR 


* Routine light microscopic examination can detect 1 melanoma cell 
in a background of 10 4 lymphocytes. 

* Immunohistochemical staining can increase the sensitivity to detect 
1 melanoma cell in a background of 10 5 lymphocytes. 

* Molecular analysis (i.e. RT-PCR) can further increase this sensitivity 
by 100-1000 fold ! ! 

* Does one melanoma cell make a difference? 

• Disease free survival (P = 0.02) 

• Overall 10 year survival (P = 0.02) 

Comparing histologically negative: PCR-SLN vs PCR + SLN. 


Fig. 2. The relative sensitivity of detecting a metastatic melanoma cell in a lymph 
node comparing traditional routine hematoxylin and cosin (H&E) staining with light 
microscopy vs immunostaining vs a molecular analysis. (Adapted from ref. 17.) 


increased chance of recurrence. The rate of recurrence and overall survival for 
114 patients based on SLN analysis was as follows: histologically positive and 
RT-PCR positive (34% recurrence rate); histologically negative and RT-PCR 
negative (2% recurrence rate). But even when histology was negative, a posi¬ 
tive RT-PCR detection increased this 2% rate to a 13% rate (more than sixfold 
higher). It was determined that these differences in recurrence rates and sur¬ 
vival were statistically significant (p = 0.02). Indeed, in both univariate and 
multivariate regression analysis, the histologic and RT-PCR status of the SLNs 
were the best predictors (Fig. 3) of disease-free survival (17). 

4. Biologic Determinants of Melanoma Behavior 

This section provides an analysis of the critical biologic determinants that 
can supplement the light microscopic and molecular viewpoint, as previously 
mentioned, with an emphasis on those characteristics that are associated with 
metastasis. The focus on metastasis is important because despite improvement 
in clinical diagnosis, surgical techniques, and the use of novel treatments and 
adjuvant approaches, most melanoma deaths result from metastasis. There is 
less than a 5% chance of surviving for 5 yr in patients with metastatic mela¬ 
noma. Indeed, while considerable debate raged for years regarding the appro- 
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Molecular Staging of Melanoma 


Sentinel lymph node: First node in the regional basis 
that receives a cutaneous afferent lymphatic 
from the primary tumor. 
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Fig. 3. Molecular staging of melanoma. 


priate surgical margin, such debate, in my view, focused too much attention on 
the local recurrence rates and not enough on the problem of metastasis. As 
already mentioned, significant advances have been made so that we can rou¬ 
tinely assess, by molecular techniques, the status of the SLN. After all, most 
patients do not succumb to local recurrence of their melanoma, but they do 
experience significant morbidity and mortality when their melanoma moves 
from the skin to extracutaneous sites. None of the randomized double-blind 
clinical studies of the width of surgical resection of melanoma ever pointed to 
a statistical significance on long-term survival—only rates of local recurrence. 

Having covered these histologic, surgical, and clinical perspectives, we now 
review some of the molecular determinants that can be useful in understanding 
and, it is hoped, predicting more reliably the progression of melanoma, includ¬ 
ing its metastasis beyond the confines of the epidermis and dermis. 

Before covering melanoma, it may be instructive first to review the biologic 
behavior of nevi, because many melanomas develop from such preexisting 
nevi. Whereas only 1% of individuals are born with nevi (i.e., congenital 
nevus), almost every individual will develop nevi beginning in adolescence 
and extending through adulthood. As documented by dermatologists, the num- 
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ber of nevi or moles on each individual actually change over a lifetime, with 
many nevi coming and going with the passage of time. The molecular factors 
that prompt a single melanocyte in the basal cell layer of the epidermis in a 
teenager to change phenotypically into a nevus cell, and then initially prolifer¬ 
ate largely in a relatively tightly nested or clustered group to produce a junc¬ 
tional nevus, are not known. Neither is it clear as to the nature of the stimulus 
that triggers an exodus of the nevus cells from the epidermal compartment into 
the papillary dermis. However, a few recent molecular clues have emerged that 
point to the role of basic fibroblast growth factor (bFGF) and its receptor. It 
appears that nevus cells may use bFGF as a “lifesaver” by promoting the sur¬ 
vival of nevomelanocytes as they leave the confines of the epidermis where 
keratinocytes could supply this essential growth factor in an a paracrine fash¬ 
ion (22). Thus, when nevus cells are in the dermis, they acquire the capacity to 
produce their own bFGF in an autocrine fashion to ensure their independence 
of the epidermal-based constraints. As recently discussed, this autocrine switch 
may represent a double-edged sword, because the acquisition of the ability to 
produce a potent mitogen, coupled with the constitutive expression of the 
growth factor receptor, has been demonstrated in several oncologic models to 
represent an early event in the transformation process (23). Indeed, it has been 
documented that early stage melanoma cells cannot produce bFGF in abun¬ 
dance compared with late-stage melanoma cells (24). Another relevant 
molecular change controlling the migration of nevus cells from the epidermis 
to the dermis are the cadherin-mediated adhesive interactions (25). 

A large number of molecular markers have been documented to be corre¬ 
lated to the progression of melanoma. In general, it is possible to classify these 
changes as resulting from either an increase in the levels relative to normal 
keratinocytes or nevus cells, or a relative decrease in their expression. There 
are many examples of so-called gain-of-function molecular markers such as 
numerous growth factors, cytokines, and their receptors including keratinocyte 
growth factor, platelet-derived growth factor, stem cell factor, bFGF, and 
interleukin-la (IL-la), IL-2|3, IL-6, IL-7, IL-8, IL-10, and IL-12. In addition, 
melanoma cells express intercellular adhesion molecule-1, MUC-18, integrins 
(i.e., aV|33), and proteolytic enzymes (plasminogen activator) or CD95L (Fas 
ligand). To escape immunosurveillance, melanoma cells may also cease to 
express other molecules such as class I major histocompatibility complex anti¬ 
gens and CD95 antigen. 

Because monoclonal antibodies (MAbs) are available that can detect the 
presence or absence of many of these molecular markers, one wonders whether 
pathology reports that include semiqualitative assessments of such molecules 
could enhance the predictive value of our otherwise routine histologic analysis 
of primary cutaneous melanomas. After all, we have all had patients with a 
relatively thin melanoma (i.e., <0.85 mm) who have developed metastatic 
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Molecular Diagnostic Markers in Melanoma 
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Fig. 4. Forward-looking depiction of sampling a pigmented lesion by needle biopsy 
followed by array analysis using microchip technology to assess thousands of mRNA 
transcripts. (Adapted from refs. 35 - 38 .) 

lesions that we would not have accurately predicted using conventional 
microstaging criteria (12-14). 

Another important diagnostic dilemma for dermatopathologists is the iden¬ 
tification of a metastatic infiltrate in the lymph node or other extracutaneous 
sites when no primary cutaneous lesion is present. In approx 10% of loss 
involving metastatic melanoma, no primary site can be identified. If the meta¬ 
static cells are producing melanin, there is no difficulty in recognizing the 
malignancy as melanoma. However, in amelanotic malignant infiltrates, it is 
necessary to use immunohistochemical analysis to determine whether the tumor 
is related to melanoma. While ultrastructural studies using electron micros¬ 
copy can yield insight into the diagnosis by identifying melanomas or 
premelanomas, several MAbs have permitted assignment of metastatic lesions 
to the melanoma category (Fig. 4). These diagnostic reagents include use of 
detection of S-100 (highly sensitive, relatively nonspecific), gplOO (i.e., FIMB-45), 
and newer MAbs to detect MART-1 (26-29). 
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5. Future Directions 

Given the limitations in rendering precise and prognostically relevant 
pathology reports based solely on light microscopic criteria, it is likely that a 
more molecular-based approach will be forthcoming as the immunobiology 
and genetic basis of melanoma is better understood. From the practical per¬ 
spective, determining whether the melanoma cells express the (33 integrin 
appears to be the single best molecular determinant for distinguishing either 
benign nevomelanocytes or low-risk melanoma cells in the radial growth phase, 
from the high-risk melanoma cells in the vertical growth phase of primary 
melanomas. Flow ever, I believe we will rapidly shift our molecular analysis 
away from expression of single proteins such as (33 integrin, to a more compre¬ 
hensive analysis that will include examination of the presence and absence of 
dozens, if not hundreds or thousands, of different transcripts in small biopsy 
specimens of pigmented skin lesions. Indeed, the Human Genome Project is 
revolutionizing the practice of biology and medicine in several respects (30). 
Cancers such as melanoma can be viewed as a systems problem, and using 
global tools of genomics, the information pathway responsible for conversion 
of a benign melanocyte to a melanoma cell can be understood (30). As has 
been shown elegantly by Duggan et al., (31) as well as by many others 
(32-38), assays of genes on various chips can permit the simultaneous analysis 
of numerous transcripts. 

The goal of this next generation of diagnostic tests will be to assign specific 
“signatures” or to fingerprint a distinctive constellation of both positive and 
negative transcripts that will have better prognostic value. Not only can this 
technology assist the pathologist in better cataloguing of various phenotypes 
of melanoma, but with more experience this approach will also facilitate more 
customized treatment protocols. For example, there may be considerably 
greater heterogeneity in the behavior of melanomas besides the current distinc¬ 
tion of radial vs vertical growth phases of melanoma. A more prognostically 
sophisticated classification scheme based on differential transcription profiles 
may yield several distinctive phenotypes. Within each tumor classification, 
further distinctions may be made with clinical experience based on therapeutic 
responsiveness, so that not only will new diagnostic categories be created but 
also therapeutic decisions based on such molecular analysis will be forthcom¬ 
ing. By examining hundreds, if not thousands, of target molecules, the full 
range of biologically relevant pathways can be analyzed including molecules 
that regulate cell-cycle progression, transcription factors, signal transduction, 
adhesion molecules, cytokine production profiles, growth factors, apoptotic 
resistance/sensitivity proteins, immunoregulatory cell surface molecules, and 
chemotactic polypeptides. 
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It is probable that the next few years will highlight the concomitant use of 
conventional pathologic analysis with gene assay technology (Fig. 4), and I 
suspect that within the next decade only small-needle biopsies of pigmented 
lesions will be required and subjected to a molecular analysis without the need 
of a light microscope. More rapid progress in defining highly accurate and 
prognostic molecular reports will occur by the active participation of derma- 
topathologists with our molecular biology-based scientific colleagues. This 
transitional period will be difficult for classically trained diagnostic 
pathologists, but it is our obligation to not only support this technological revo¬ 
lution, but to provide the necessary quality assurance and critically important 
correlative light microscopic descriptions to ensure a rapid transition. Perhaps 
most important we need to prepare the current pathology residents in-training with 
an appreciation of not only important anatomic-based pattern recognition skills, 
but the appropriate mentoring and educational experiences and knowledge to 
facilitate their role in rendering molecular diagnostic profiles of melanoma. 
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1. Introduction 

The multistep genetic alterations thought to involve both oncogenes and 
tumor suppressor genes that are causally related to melanocytic transformation 
remain largely undetermined (1). Mapping of alterations to chromosome 6 
indicates that multiple genetic loci on 6q contribute causally to the develop¬ 
ment and progression of malignant melanoma (1). This notion is also supported 
by the introduction of chromosome 6 in malignant melanoma cell lines 
suppressing either their tumorigenicity (2) or metastasis (3,4). However, the 
suppressor genes involved have yet to be identified. 

Human melanoma cell lines UACC903, UACC903(+6), and SRS3 were 
derived from two steps of genetic manipulation (2,5). Specifically, the parental 
malignant melanoma cell line UACC903 was derived from a primary mela¬ 
noma specimen and displays anchorage-independent growth and rapid popula¬ 
tion doubling in plastic culture (2). The UACC903(+6) cell line was generated 
by introduction of a neo- tagged human chromosome 6 into the parental cell 
line via a microcell-mediated chromosome transfer (2). Phenotypic ally, the 
chromosome 6-mediated suppressed cell line UACC903(+6) is anchorage 
dependent and slower in growth than the parental cell line UACC903 (2). The 
SRS3 cell line was induced from the UACC903(+6) cell line by retroviral trans¬ 
duction (5). The phenotypic features of SRS3 are similar to those of its 
grandparental cell line UACC903. These three cell lines are genetically linked 
and phenotypically display readily distinguishable growth features. They pro¬ 
vide us with the unique cellular resource for the successful identification of 
tumor suppressor genes by DNA microarrays (6). 
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The DNA microarrays allow the simultaneous detection of RNA levels of 
thousands of genes (7,8). Briefly, cDNA templates for genes of interest are 
amplified from plasmid clones carrying human genes by polymerase chain 
reaction (PCR) using the vector sequence-specific primers. Following purifi¬ 
cation and quality control, aliquots of cDNA (1-16 ng) are printed on poly- 
lysine-coated glass microscope slides using a computer-controlled, high-speed 
robot. Total RNA from both the test and reference samples are labeled with 
either Cy3-dUTP or Cy5-dUTP using a single round of reverse transcription 
from oligo-(dT) primers. Equal amounts of the labeled DNA are combined and 
allowed to hybridize under stringent conditions to the probes on the array. Laser 
excitation of the incorporated fluorescence yields an emission with character¬ 
istic spectra, which are measured using a laser scanner. The scanned images 
are pseudo-colored and merged for comparison of a normalized ratio between 
the labeled Cy3-dUTP and Cy5-dUTP DNA hybridized to the clones on the 
array. Information about the clones, including gene name, clone identifier, 
intensity values, intensity ratios, normalization constant, and confidence inter¬ 
vals, is attached to each clone. The normalized intensity ratios from a single 
hybridization experiment are interpreted as follows. The significant deviations 
in the ratio from 1 (no change) are indicative of increased (>1) or decreased 
(<1) levels of gene expression relative to the reference sample. This technol¬ 
ogy has greatly facilitated studies of genomewide gene expression in various 
cancers (6,8-17). Applying this technology, we have measured the relative 
expression levels of thousands of genes among the cell lines UACC903, 
UACC903(+6), and SRS3 and have identified tumor suppressor genes (6). In 
this chapter, we describe this technology as a general method for isolation of 
tumor suppressor genes. 

2. Materials 

1. Tissue culture dish(60-mm) with grid (cat. no. 83.1801.001; Sarstedt, Newton, NC). 

2. PCR plates (96-well) (cat. no. T-3031-21; ISC BioExpress, Kaysville, UT). 

3. SeqPlaque low-melting agarose (cat. no. 50101; FMC BioProducts, Rockland, ME). 

4. Bio-Spin 6 chromatography column (cat. no. 732-6002; Bio-Rad, Hercules, CA). 

5. Cleaning solution: 400 mL of ddH 2 0, 100 g of NaOH (cat. no. S-0899; Sigma, 
St. Louis, MO), 600 mL 95% ethanol (190 proof; Warner-Graham, Cockeys- 
ville, MD). 

6. Cotl DNA, 10 mg/mL (cat. no. 15279-011; Life Technologies, Rockville, MD). 

7. Cover slips (22 x 55 mm) (cat. no. 125485E; Fisher, Pittsburgh, PA). 

8. Cy3-dUTP (1 m M) (cat. no. NEL578; NEN, Boston, MA). 

9. Cy5-dUTP (1 m M) (cat. no. NEL579; NEN). 

10. ddH 2 0: deionized water repurified by Barnstead E-pure System (Chesapeake 
Instruments, Columbia, MD). 
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11. Diethylpyrocarbonate (DEPC)-treated ddH 2 0: 1 mL of diethylpyrocarbazole 
(cat. no. D-5758; Sigma) and 1 L of ddH 2 0; mix well, leave at room temperature 
overnight, and autoclave for 20 min. 

12. dNTP (100 m M each) (cat. no. 27-2035-02; Amersham Pharmacia Biotech, 
Piscataway, NJ). 

13. dNTP with low dTTP (10X): contains 5 m M dATP, dGTP, and dCTP; 2 m M dTTP. 

14. 0.1 M Dithiothreitol (cat. no. 18064-014; Life Technologies). 

15. 0.5 MEDTA, pH 8.0 (cat. no. 360-500; Biofluids, Rockville, MD). 

16. 100% Ethanol (200 proof; Warner-Graham). 

17. Ethanol/acetate precipitation mixture: 247 mL of 100% ethanol and 13 mL of 
3 M sodium acetate (pH 6.0). 

18. 5X First-strand buffer (cat. no. 18064-014; Life Technologies). 

19. Glass slide racks (cat. no. 900200; Wheaton Science, Millville, NJ). 

20. Gold Seal slides (cat. no. 3011; Gold Seal Products, Portsmouth, NH). 

21. Hybridization bottles (35 x 150 mm) (cat. no. 052-002; Biometra, Tampa, FL). 

22. KH 2 P0 4 (cat. no. P-0662; Sigma). 

23. Microcon 100 (cat. no. 42412; Millipore, Bedford, MA). 

24. Microcon 30 column (cat. no. 42409; Millipore). 

25. MicroHyb hybridization solution (cat. no. HYB125.GF; Research Genetics, 
Huntsville, AL). 

26. 1 MNa borate buffer: 61.83 g of boric acid (Sigma, Cat. No. B0394), 750 mLddH 2 0, 
adjust pH to 8.0 with 10 A NaOH (cat. no. S-0899; Sigma), add ddH 2 0 to 1 L, auto¬ 
clave for 20 min, cool to room temperature, and filter through with a 0.22-mm fdter. 

27. Oligo dT primer (1 qg/qL of 10-20mer mixture) (cat. no. POLYT.GF; Research 
Genetics). 

28. pcDNA3 (Invitrogen, Carlsbad, CA). 

29. Poly dA (cat. no. POLYA.GF; Research Genetics). 

30. Poly-L-lysine solution: 70 mL of poly-L-lysine (0.1 % [w/v]) (cat. no. P8920; Sigma), 
70 mL of tissue culture phosphate-buffered saline (PBS), and 560 mL ddH 2 0. 

31. Primers for PCR amplification of cDNA inserts (cat. no. GF200.primer; Research 
Genetics) including forward primer (5 '-ctgcaaggcgattaagttgggtaac-3') and reverse 
primer (S'-gtgagcggataacaatttcacacaggaaacagcG')- 

32. RNAsin (40 U/qL) (cat. no. 799025; Boehringer Mannheim, Indianapolis, IL). 

33. RNeasy Midi Kit 50 (cat. no. 75144; Quiagen, Valencia, CA). 

34. Sodium dodecyl sulfate (SDS) (cat. no. L5750; Sigma). 

35. Sequence-verified human cDNA clones (cat. no. 042600; Research Genetics). 

36. Succinic anhydride blocking solution: 6 g of succinic anhydride (cat. no. 23969-0; 
Aldrich, Milwaukee, WI), 325 mL of l-methyl-2-pyrrolidinone (cat. no. 32863-4; 
Aldrich), and 25 mL of 1 M Na borate buffer (pH 8.0). 

37. Superbroth (cat. no. 08-406-001; Advanced Biotech, Columbia, MD). 

38. Superscript II reverse transcriptase (200 U/qL) (cat. no. 18064-014; Life 
Technologies). 

39. Taq polymerase with PCR buffer and 50 m M Mg 2+ (cat. no. 10342-020; Life 
Technologies). 
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40. TE buffer: 10 m M Tris and 1 m M EDTA, pH 7.5. 

41. TE l buffer: 10 m M Tris-HCl and 0.1 mM EDTA, pH 8.0. 

42. AGTC kit (cat. no. 91528; Edge BioSystems, Gaithersburg, MD). 

43. Tissue culture PBS: 8.00 g of NaCl (cat. no. S9625; Sigma), 0.20 g of KC1 
(cat. no. P-3911; Sigma), and 1.44 g Na 2 HP0 4 (cat. no. S-0876; Sigma); add 
ddH 2 0 up to 1 L, autoclave for 20 min, cool to room temperature, and filter 
through a 0.22-pm filter (cat. no. 430517; Corning Costar, Corning, NY). 

44. Tris base (cat. no. BP 152-1; Fisher). 

45. 1 MTris-HCl, pH 7.5 (cat. no. 351-007-10; Quality Biological, Gaithersburg, MD). 

46. Trizol reagent (cat. no. 15596-026; Life Technologies). 

47. U-bottomed and 96-well plates (cat. no. 3799; Costar). 

48. V-bottomed 96-well plates (cat. no. 3894; Costar). 

49. Yeast tRNA (cat. no. R-8759; Sigma). 

50. a 33 P-dCTP (cat. no. AH9905; Amersham Pharmacia Biotech). 

51. 2X RPMI medium (cat. no. 402G-777; Biofluids, Rockville, MD). 

52. Fetal bovine serum (FBS) (cat. no. 10437-028; Life Technologies). 

3. Methods 

3.1. Extraction of Plasmid DNA from Cultured Bacteria 

3.1.1. Day 1 

1. Add 100 pL of Superbroth with 200 pg/mL of ampicillin in the wells of 
U-bottomed 96-well plates. Label the A1 corner. 

2. Place the frozen 96-well plates holding the cDNA library at room temperature. 

3. Spin the thawed plates at 1000 rpm for 2 min in a centrifuge (Sorvall Super T21). 

4. Fill a container with 200 proof alcohol. Dip the 96-pin inoculation block in the 
alcohol. Flame the pins using a lit gas burner. 

5. Allow the inoculation block to cool. Dip the pins in the library plate. Inoculate 
the LB plate (be sure to match the A1 corners of two plates). Reflame the inocu¬ 
lation block. After the flames are extinguished, return the inoculation block to 
the alcohol bath. 

6. Repeat as necessary for each plate that you need to inoculate. 

7. Reseal the library plates and return to -80°C. 

8. Place the inoculated plates into a “zip-lock” bag containing a moistened paper 
towel. Inoculate the bag at 37°C overnight. 

3.1.2. Day 2 

1. Label the A1 corner of the 96-well AGTC culture blocks. Fill each well with 
1 mL of Superbroth with 200 ug/mL of ampicillin. 

2. Inoculate the culture blocks with the 96-pin inoculation block as in Subheading 
3.1.1., step 4. Incubate the culture at 37°C and 200 rpm overnight in an Innova 
4300 (New Brunswick Scientific, Edison, NJ). 
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3.1.3. Day 3 (Using the AGTC Kit) 

1. Place the lysis buffer at 37°C. Fill the receiver plates with 350 pL of 100% etha¬ 
nol. Label the receiver plates and place the filter plates on top. 

2. Spin the 96-well AGTC culture blocks containing the bacteria at 3000 rpm for 
7 min. Decant the supernatant immediately. Invert briefly and tap on a clean 
paper towel to remove the remaining droplets. 

3. Add 100 pL of resuspension buffer with 1% RNase (v/v) to each well. Mix thor¬ 
oughly using the Vortex Genie II Mixer (cat. no. 12-812; Fisher) with the 96-well 
plate insert (cat. no. 12-812D; Fisher). Add 100 pL of lysis buffer and mix well 
by tilting the block. Incubate at room temperature for 5 min. 

4. Add 100 pL of precipitation buffer and then 100 pL of neutralization buffer. Seal 
the plates with the sealers from the AGTC kit. Vortex the plates. 

5. Transfer the mixture immediately to the labeled filter/receiver plates prepared in 
step 1. Tape the stacks together without the lids. 

6. Spin the stacked plates at 3000 rpm for 12 min in the centrifuge (Sorvall Super T21). 

7. Remove the filter block. Decant the liquid in the receiver block. Touch off on 
clean paper. 

8. Add 500 pL of 70% ETOH to each well. Decant immediately. Touch off excess 
drops on a clean paper towel. 

9. Place the plates in a drawer with the lids off and cover with clean paper towels 
and allow to dry overnight. 

3.1.4. Day 4 

1. Add 200 pL of TE L buffer to each well. Place the plates at 4°C overnight to allow 
the DNA to dissolve in the solution. 

2. Randomly select 10 samples from each plate to measure the concentrations using 
a spectrophotometer (Beckman DU640). The concentrations are 100-300 ng/pL. 

3.2. PCR Amplification of cDNA Inserts from Plasmid DNA 

3.2.1. Day 1 

1 . Make up the PCR mixture (scale up the volume as necessary) as given in Table 1. 

2. Add 79 pL of the PCR mixture to each well of 96-well PCR plates and then 1 pL 
of DNA templates (100-300 ng). 

3. Carry out PCR cycles at 95°C for 5 min; 35 cycles of 94°C for 30 s, 55°C for 
30 s, and 72°C for 90 s; 72°C for 10 min. Store at 4°C. 

4. Fill each well of the V-bottomed 96-well plates with 160 pL of the alcohol/ 
acetate mixture. Label each plate appropriately (library, plate number, date). 

5. Transfer the PCR products from step 3 to the equivalent wells containing the 
alcohol/acetate mixture. 

6. Keep the plates overnight at -20°C. 
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Table 1 
TK 


Reagent 

Stock 

solution 

Final 

concentration 

1 Reaction 
(pL) 

100 Reactions 
(pL) 

PCR buffer 

10X 

IX 

8 

800 

dATP 

100 m M 

0.2 m M 

0.16 

16 

dTTP 

100 m M 

0.2 m M 

0.16 

16 

dGTP 

100 m M 

0.2 m M 

0.16 

16 

dCTP 

100 m M 

0.2 m M 

0.16 

16 

Forward primer 

1 m M 

0.4 pM 

0.032 

3.2 

Reverse primer 

1 m M 

0.4 p M 

0.032 

3.2 

Tag polymerase 

5 U/pL 

0.03 U/pl 

0.5 

50 

ddH 2 0 



70.79 

7079.6 

Total 



80 

8000 


3.2.2. Day 2 

1. Keep the plates at room temperature for 5 min. 

2. Spin the plates at 3200 rpm for 60 min. Decant the supernatant and add 70% 
ethanol. 

3. Turn on the ImmunoWash 1575 (cat. no. 170-7009; Bio-Rad). Open the cover. 
Prime the system twice following the manufacturer’s instructions. Select “Run” 
and then “Remove ETOH.” Remove the ETOH and reprime. Select “Run” and 
then “Add ETOH” to add ETOH. 

4. Spin the plates at 3200 rpm for 60 min. Remove ETOH with the ImmunoWash 
1575. 

5. Place the plates in a drawer, cover with clean paper towels, and allow the plates 
to dry overnight. 

3.2.3. Day 3 

1. Add 30 pL of 3X saline sodium citrate (SSC) to each well of the plates. Seal the 
plates with foil sealer. Keep the plates at 60°C for 2 h and room temperature for 
2 h to dissolve the DNA. On average, the concentrations of these DNA samples 
are >200 ng/pL. Randomly select six clones from each plate to run 1% agarose 
gel to visualize the sizes of the clones. 

2. Store the plates at -20°C. 

3.3. Coating Slides with Poly-L-lysine 

1. Place Gold Seal slides in a glass slide rack (10 slides/rack) in a glass tank. 

2. Add 250 mL of cleaning solution. Shake the glass tank at room temperature for 
2 h on an Environ Shaker (model 3527-5; Lab-Line, Melrose Park, IL). 

3. Rinse the slides with ddH-,0 five times, 2-5 min each time. 
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4. Transfer the slides into a new slide tank with 250 mL of poly-L-lysine solution. 

5. Shake at room temperature for 1 h. Rinse the slides for 1 min with ddH 2 0 once. 

6. Spin the slides at 1000 rpm for 2 min in the centrifuge (Sorvall Super T21). 

7. Place the slides in the slide rack within a dust-free drawer at room temperature 
overnight. 

8. Transfer the slides into a clean slide box. Age the slides for 2 wk at room 
temperature. 

3.4. Printing cDNA Clones on Treated Slides 

1. Turn on GMS 417 Arrayer (Affymetrix) and the PC controlling the arrayer. Run 
GMS 417 Arrayer software. 

2. Click the “Setup” button. Select “Microplates Preference.” Select 96-well plates. 
Enter “3” for microplates per group and “1” for hits per dot. Click the “OK” 
button. 

3. Click the “Setup” button. Select “Slides Preference.” Select the type of slides to 
print. Click the “OK” button. 

4. Click the “Microplates” button. Select “Auto Generate Microplate” button. Click 
the “Array” button. Enter the number of 96-well plates with genes to be printed. 
As many as 72 plates (6912 genes) can be printed on a single slide by using pins 
with 150-p diameters. 

5. Prime the pumps of the GMS 417 Arrayer by clicking the “Prime Pumps” button. 

6. If necessary, adjust the levels of the ring and the pin by following the 
manufacturer’s instruction in the user handbook. 

7. Wash the pin and ring by clicking the “Wash Pin Head” button. 

8. Place 42 of the prepared glass slides on the slide holders in the GMS 417 Arrayer. 

9. Transfer 25 pL of prepared DNA samples into V-bottomed 96-well plates. 

10. Place three 96-well plates on the plate holders in the GMS 417 Arrayer and close 
the door. 

11. Start to print by clicking the “START” button. 

12. Change the 96-well plates when all three plates are printed. Repeat changing 
until all the plates of genes are printed. 

13. Age the printed slides for 1 wk at room temperature. 

14. Create one spreadsheet of 96 genes for each 96-well plate printed. Each 
spreadsheet contains Row (A-H), Column (1-12), Clone ID, and gene title. This 
spreadsheet will be used to generate the Array List file to analyze arrayed images 
later. See Table 2 from example of 14 genes on Plate 1 printed. 

3.5. Succinic Anhydride Blocking 

1. Place the printed slides in the UV crosslinker (Life Technologies). 

2. UV crosslink DNA on the slides at a dosage of 450 mJ. 

3. Place the slides in a glass slide rack (10 slides/rack). 

4. Place the slide rack in the glass tank with 250 mL of the succinic anhydride 
blocking solution. Shake at room temperature for 25 min on the Environ Shaker 
at 75 rpm. 
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Table 2 

Example of 14 Genes on Plate 1 


Row 

Column 

Clone ID 

Title of Gene 

A 

1 

136798 

Fibronectin 1 

A 

2 

34449 

Expressed sequence tags 

A 

3 

141953 

CD36 antigen 

A 

4 

271478 

Max-interacting protein 1 

A 

5 

24415 

Tumor suppressor gene p53 

A 

6 

131268 

Growth factor receptor-bound protein 14 

A 

7 

138345 

Protein tyrosine phosphatase type IVA 

A 

8 

140352 

Colony-stimulating factor 2 receptor, alpha 

A 

9 

155145 

Matrix metalloproteinase 19 

A 

10 

161172 

Growth arrest-specific homeo box 

A 

11 

49496 

Programmed cell death 8 

A 

12 

50893 

Expressed sequence tags 

B 

1 

172726 

Neurexin II 

B 

2 

259291 

Integrin, beta 5 


5. Transfer the slides immediately into boiling ddH 2 0 in a beaker on a stirrer/hot 
plate (cat. no. 43-2904-50; PGC Scientific). Turn off the heat, and incubate for 2 min. 

6. Transfer the slide rack in the slide tank with 100% ethanol for 1 min. 

7. Spin the slides at 1000 rpm for 2 min in a Sorvall Super T21 centrifuge. 

8. Keep the slides at room temperature in a clean slide box overnight. 

3.6. Purification of Total RNA from Cultured Cells 

3.6.1 RNA Extraction (using Trizol Reagent) 

1. Decant the medium in two culture flasks (175 cm 2 ) containing 90% confluent 
cells. Wash the cells with 15 mL of PBS once. Add 17.5 mL of Trizol reagent to 
each flask. 

2. Transfer the cell lysate to a 50-mL Oak Ridge centrifuge tube (cat. no. 3119-0050; 
Nalge Nunc, Rochester, NY). Add 0.2 mL of chloroform/mL of Trizol reagent 
used. Mix well and incubate at room temperature for 5 min. 

3. Spin the tubes at 12,000g for 15 min at 4°C in a centrifuge (Sorvall RC5B). 

4. Transfer the aqueous phase solution to three fresh tubes (cat. no. 352059; Falcon, 
Becton Dickinson, Franklin Lakes, NJ). Add 0.9 mL of isopropyl alcohol to each 
milliliter of aqueous solution collected. Mix well and incubate at room tempera¬ 
ture for 10 min. 

5. Spin the tubes at 12,000g for 10 min at 4°C. Remove the supernatant. Wash 
the RNA pellet once with 75% ethanol. Air-dry the pellet at room temperature for 
10 min. 
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6. Dissolve the pellet into 200 pL of DEPC-treated ddH 2 0. Measure the concentra¬ 
tion of RNA and adjust the concentration to 0.5 mg/mL. 

3.6.2. RNA Purification (using RNeasy Midi Kit 50) 

1. Mix 1 mL (500 pg) of the extracted RNA with 3.8 mL of Buffer RLT. Mix well. 

2. Add 2.8 mL of 100% ethanol. Mix well. 

3. Transfer the sample to one Rneasy Midi spin column. Spin at 5000g for 2 min. 

4. Apply 2.5 mL of Buffer RPE. Spin at 5000g for 5 min. 

5. Transfer the column to a new collection tube. 

6. Add 250 pL of DEPC-treated ddH 2 0. Spin at 5000g for 5 min. Repeat the elution 
once. 

7. Transfer the samples to a Microcon 100 with collection tubes. Spin at 500g for 
12 min. 

8. Invert the Microcon 100 and place them into new collection tubes. Spin at 3000 rpm 
for 3 min to collect purified RNA samples. 

9. Measure the concentrations of RNA. Adjust the concentration to 10 pg/pL with 
DEPC-treated ddH 2 0. 

3.7. Labeling First-Strand cDNA with Cy3- and Cy5-dUTP 
(using MicroMax Kit) 

1. Mix the following in a tube: 5 pL of RNA (10 pg/pL), 2 pL of unlabeled control 
RNA, 2 pL of DNTP/primer mix, 4 pL of DEPC-treated ddH 2 0. 

2. Incubate for 10 min at 65°C. Cool for 5 min at room temperature. 

3. Add 4 pL of Cy3-dUTP to one sample. Add 2 pL of Cy5-dUTP and 2 pL of 
DEPC-treated ddH 2 0 to the other sample. Warm to 42°C for 3 min. 

4. Add 2.5 pL of 10X RT reaction buffer and 2 pL of AMV RT/Rnase inhibitor mix 
to each tube. Mix well, and quick spin. 

5. Incubate for 1 h at 42°C. Cool to 4°C for 10 min. 

6. Add 2.5 pL of 0.5 M EDTA and 2.5 pL of 1 N NaOH to each tube. 

7. Incubate for 30 min at 65°C. Cool to 4°C for 5 min. 

8. Add 6.2 pL of 1 M Tris-HCl (pH 7.5) to each tube. 

9. Add 500 pL of 10 m M Tris-HCl (pH 7.5) to the Microcon 100. Spin for 10 min 
at 500g. 

10. Add 200 pL of 10 m M Tris-HCl (pH 7.5) to the Microcon 100. Add Cy3-dUTP- 
labeled cDNA and Cy5-dUTP-labeled cDNA into the Microcon 100. 

11. Spin at 500g for 4 min. Check the volume in the Microcon 100. Repeat the spin 
until the sample volume reaches about 25 pL. 

12. Add 500 pL of 10 m M Tris (pH 7.5). Repeat the spin until the sample volume 
reaches about 25 pL. 

13. Invert the Microcon 100 and place them into a new collection tube. Spin at 500g 
for 5 min to collect the labeled cDNA sample. 

14. Dry the sample in a SpeedVac Concentrator (Savant). 
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15. Completely dissolve the sample in 20 pL of hybridization buffer by heating at 
50°C for 10 min. 

3.8. Microarray Hybridization 

1. Overlay a cover slip onto a microarrayed glass slide. 

2. Heat the labeled sample at 90°C for 2 min to denature the DNA. Cool for 5 min at 
room temperature. Quick spin. 

3. Pipet all 20 pL of the sample onto the edge of the cover slip and allow the mate¬ 
rial to be drawn underneath the cover slip by capillary action. 

4. Pipet 400 pL of 2X SSC onto a 10-cm 2 dust-free tissue (e.g., small KimWipe) 
and place in a 50-mL conical tube. 

5. Place the microarrayed glass slide over the tissue and seal the cap tightly. 

6. Ensure that the slide is level and stable in a 65°C incubator. Allow the hybridiza¬ 
tion to proceed overnight. 

7. Wash the slide in 0.5X SSC and 0.01% SDS until the cover slip falls off. 

8. Wash in 0.5X SSC and 0.01% SDS for 15 min. 

9. Wash in 0.06X SSC and 0.01% SDS for 15 min. 

10. Wash in 0.06X SSC for 15 min. 

11. Spin the slide at 1000 rpm for 2 min in a centrifuge (Sorvall Super T21). 

3.9. Scanning and Analyzing Microarray Images 
(using GenePix 4000A) 

1. Turn on the GenePix 4000A Microarray Scanner (Axon Instruments, Foster City, 
CA). Turn on the computer of the scanner, and run the GenePix software. 

2. Slide the door of the GenePix 4000A open. Lift the locking latch to unlock and 
open the door of the slide holder. Insert a microarray slide with the arrays facing 
down into the holder. Close the door and lock the latch. Slide the door of the 
GenePix 4000A closed. 

3. Click the “Preview Scan” button to acquire rapidly a rough representation 
(40 pm/pixel) of the microarray. 

4. Click the “View Scan Area” button to draw a region to be scanned. Select the 
“Zoom” button and zoom in the region. 

5. Click the “Hardware Settings” button. By increasing or decreasing the current 
voltage, each of the photomultiplier tubes can be set such that only a few pixels 
are saturating in each image and the peak of the green histogram overlaps quite 
closely with the peak of the red histogram. 

6. Click the “High Resolution Scan” button to acquire a high resolution (10 pm/pixel) 
of the selected microarray image with the selected photomultiplier tubes. 

7. Click the “Save Images” button to save the images as 16-bit multiimage TIFF 
files with a file name you select. 

8. Click the “New Blocks” button. For “Blocks,” enter the row and column num¬ 
bers for total blocks that are 2 and 2 for the GMS 417 Arrayer 2x2 pins. Specify 
the distance between the blocks. For “Features,” enter the row and column num- 
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bers for total features (printed spots) within each block. Specify the distance between 
two spots and the size of the spots. For “Feature Layout,” select rectangular. 

9. Align the features within a single block precisely on the image by zooming, mov¬ 
ing, resizing and rotating the blocks on the computer screen. 

10. Double-click the block that has been aligned to open the “Block Properties” dia¬ 
log box. Select the “Apply to all” to align all blocks. 

11. Click “Feature Mode.” Click a feature indicator that is not aligned precisely. 
Move it by clicking arrows. Resize it by pressing “Control Key” and clicking arrows. 

12. Click “Save/Loading Settings” to save the image with the settings. 

13. Click “Array List Generator.” Add each spreadsheet generated at Subheading 
3.4, step 14 in the same order as printing, i.e., from Plate 1, Plate 2, Plate 3, to the 
last plate printed. 

14. Click “Create Array List.” Save the Array List file. 

15. Click the “Load Array List” button. Open the Array List file. 

16. Click the “Analyze” button. The results (gene title, clone ID, intensities, ratios, 
and others) analyzed and computed from the raw images of each printed gene are 
displayed and can be saved as a tab-delimited text file using the “Save As” button. 

17. From these results, differentially expressed genes are readily identified. If neces¬ 
sary, one can perform Northern analysis to confirm the differential expression of 
genes interested. 

18. If analyses such as clustering, construction of two-dimensional classification trees 
(dendogram), and principal components are needed, investigators should consult 
a statistician or a bioinformatic expert. 

3.10. Database Search 

1. Go to Netscape. 

2. Go to www.nhgri.nih.gov/DIR/LCG/arraydb/cgi/query_clone_sets.cgi. 

3. Type one of the items such as gene title, clone ID, accession number, plate num¬ 
ber, or cluster number that you need to search. Click the “Submit” button. 

4. Click on the gene title to find bioinformation under UniGene Cluster for ESTs or 
Gene Card, PubMed, GeneBank, Genomes, LocusLink, OMIM, Proteins, and 
Structures for a known gene. 

5. The database search allows one to see the current bioinformation of genes 
interested. 

3.11. Transfection (using Cell-Porator 

[cat. no. 71600-019, 11609-013; Life Technologies]) 

1. Clone a DNA fragment containing an interested coding region into mammalian 
expression vector pcDNA3.1 (cat. no. V790-20; Invitrogen) by using standard 
molecular cloning methods (18). 

2. Harvest human cells cultured in an appropriate medium to 70% confluence. 

3. Mix 5 pL of plasmid DNA (1 pg/pL) with 5 x 10 6 cells in 0.5-mL serum-free 
culture medium in a 0.4-cm gap electroporation chamber (cat. no. 11601-028; 
Life Technologies). Keep the chamber on ice for 10 min. 
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4. Add ice water between the safety chamber and the chamber rack of the Cell- 
Porator. 

5. Place the electroporation chamber into the chamber rack. 

6. Set up the conditions at 500 V/cm, low Q, and 330 pF capacitance. 

7. Start the electroporation by clicking the “Start” button. 

8. Remove the chamber from the chamber rack and place on ice for 10 min. 

9. Transfer the electorporated cells on 100-mm tissue culture dishes (2.5 x 10 6 cells/ 
dish). Add 10 mL of culture medium. Incubate at 37°C with 5% C0 2 overnight. 

10. Change the fresh medium with 600 iig/mL of G418 on the next day to select for 
the transfected cells. 

3.12. Soft Agar Assay 

1. Bottom SeqPlaque low-melting agarose: Mix 0.9 g of agarose with 34 mL of 
ddH 2 0 in a 125-mL bottle. Autoclave for 20 min. Keep the bottle in a 45°C water 
bath for 45 min. 

2. Medium for bottom agarose. Mix 10 mL of FBS, 45 mL of 2X culture medium, 
0.6 mL of G418 (100 mg/mL), and 10.4 mL of ddH 2 0 for a total of 66 mL. Filter 
through a 0.22-p Sterile Filter System (cat. no. 430767; Corning Costar) and 
warm in a 45°C water bath for 45 min. 

3. Mix the medium with the bottom agarose very well. Pool 5 mL to each 60-mm 
dish. Store the dishes at 4°C overnight. 

4. Top SeqPlaque low-melting agarose: Mix 0.35 g of agarose with 20 mL of ddFLO 
in a 125-mL bottle. Autoclave for 20 min. Keep the bottle in a 45°C water bath 
for 45 min. 

5. Medium for top agarose: Mix 10 mL of FBS, 45 mL of 2X culture medium, 
0.6 mL of G418 (100 mg/mL), and 24.4 mL of ddH 2 0 for a total of 80 mL. Filter 
through the 0.22-p Sterile Filter System and warm in a 45°C water bath for 
45 min. 

6. Mix the top agarose with the medium very well. Keep the bottle in a 45°C water 
bath. 

7. Harvest the cells from 90% confluent monolayer culture. Resuspend the cells in 
culture medium at a concentration of 10 5 cells/mL of medium. 

8. Aliquot 8 mL of top agarose medium. Incubate in a 37°C water bath for 
3-10 min. 

9. Mix 100 pL of cell suspension with 1.9 mL of the top agarose medium. Pour the 
mixture on hardened bottom agarose medium in a 60-mm dish. Plate at least 
three dishes for each cell line. 

10. Leave the dishes at 4°C for 30 min. 

11. Place the dishes in a 37°C incubator with 5% C0 2 . Count the colonies after 3 to 
4 wk of culture. 

4. Notes 

The cDNA microarrays provide an unprecedented high throughput technol¬ 
ogy for detection of genomewide gene expression. Microarray, array hybrid- 
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ization, scanning image, and data analysis are essential components of this 
technology. The number of cDNA clones (or unigenes) has been increasing 
greatly owing to the advancement of the Human Genome Project. The easy 
access to cDNA clones, array robots, and image scanners has made this tech¬ 
nology available widely. The techniques for robotic microarrays, array hybrid¬ 
ization, and scanning image have become mature. In addition, many kits are 
available to facilitate microarray-related expression studies. There has been a 
dramatic increase in the use of cDNA microarrays. 

We wish to address a few areas related to the microarrays. First, analysis of 
genomewide gene expression is a daunting task, especially on a large sample. 
How one can extract a nature law out of expression patterns is extremely chal¬ 
lenging. Expertise combining biology, computer science, and statistics would 
be quite helpful in analyzing expression data. Second, microarrays frequently 
reveal hundreds of genes with the differential expression. To determine which 
genes play an important role in determining a given phenotypic feature remains 
to be solved. It is extremely important to design an experiment to ask and 
answer a precise question. We demonstrated that the comparison of expression 
profiles between multiple genetically close-linked and phenotypic ally distin¬ 
guishable cell lines led to the identification of tumor suppressor genes ( 6 ). This 
rationale can be generalized because it allows the recognition of a small num¬ 
ber of genes critical to the determination of phenotype. Third, if the aim of 
experiments is to find an unknown gene, that gene may not be included in a 
particular microarray. The methods such as cDNA subtraction ( 19 ), differen¬ 
tial display ( 20 ), and representational difference analysis ( 21 ) may be consid¬ 
ered to complement this limitation. Fourth, it is desirable to be able to compare 
expression profiles of the same cells between experiments, even if they are 
carried out under different experimental designs. The cross-comparison would 
expand our knowledge of expression changes of the same genes under the dif¬ 
ferent conditions and decrease experimental costs. However, because of the 
lack of a “common” reference, gene expression levels of the same cells derived 
from different experiments or from different laboratories cannot be cross- 
compared currently. Finally, microarrays allow the detection of RNA levels. If 
RNA levels are different, the protein level may be different too. If RNA levels 
are the same, the protein levels may or may not be the same. The microarray 
detects only one of layers of gene expression. One should use other experi¬ 
ments to confirm or verify microarray data. 
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Molecular Characterization 
of Melanoma-Derived Antigens 

Marten Visser, Markwin P. Velders, Michael P. Rudolf, 
and W. Martin Kast 

1. Introduction 

In the last decade, many antigens expressed by tumors and recognized by 
the immune system have been identified. Melanoma was among the first tumors 
found to express such tumor-associated antigens, and, therefore, melanoma is 
currently one of the best and extensively studied tumors for which new tech¬ 
niques have been introduced to optimize the characterization of tumor anti¬ 
gens. In this chapter, we discuss the techniques used for identification of 
melanoma-expressed antigens recognized by cytotoxic T-lymphocytes (CTLs). 
In more detail, we describe in Subheading 3. the reverse immunology method. 

1.1. Antigenicity of Tumors 

The first indication that antigens, which could induce tumor rejection, 
existed was described in 1943 ( 1 ). That study showed that sarcomas induced 
with the chemical carcinogen methylcholanthrene (MCA) activated the 
immune system when they were transplanted in syngeneic mice. A few years 
later, it was proved that the rejection of transplanted MCA-induced sarcomas 
was tumor specific and that transplanted normal tissue of the same inbred ani¬ 
mal was not rejected after immunization with the tumor cells ( 2 , 3 ). In subse¬ 
quent years, it was demonstrated that the induction of tumor-specific 
transplantation resistance was not only restricted to tumors induced by MCA. 
Also, tumors induced with other chemicals or ultraviolet light and even spon¬ 
taneous tumors could induce resistance against the tumors after vaccination 
with tumor cells. However, it turned out that the tumor rejection antigens were 
not shared by different independently induced tumors but were rather unique 
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antigens, as demonstrated by cross-protection experiments (4). Therefore, for 
broad use in cancer therapy, efforts were made to discover shared tumor anti¬ 
gens, expressed by a series of different tumors or within one tumor type. 

An example of shared tumor-specific antigens can be found in virus-induced 
tumors, in which viral proteins serve as tumor rejection antigens. The rejection 
of these tumors was found to be primarily T-lymphocyte mediated (5,6). In the 
late 1970s, the technology of cloning functional human T-cell subsets in vitro 
became a powerful tool in studies of the cellular immune response against 
tumor antigens. Thus, also human tumors could be tested for expression of 
rejection antigens, which was impossible with the transplantation models. In 
the following years, CD8 + T-cell responses against human melanoma were 
described (7,8), showing that melanoma expressed antigens against which 
CTLs could be generated. It was also possible to isolate tumor-specific CTLs 
out of peripheral blood lymphocytes (PBLs) from patients with a history of 
melanoma (9) and out of the tumor (tumor-infiltrating lymphocytes [TILs]) 
(10). In vitro, these CTLs specifically lysed the autologous tumor cells, and 
when adoptively transferred into the autologous patient in combination with 
interleukin-2 (IL-2), occasional remissions of the remaining tumor cells were 
reported (11,12). Based on identification and generation of different CTL lines, 
it was postulated that melanomas express multiple antigenic peptides, which 
can be recognized by CD8 + T-cells (13). Since then, a series of antigens and 
antigenic peptides has been identified for melanoma and also for other tumor 
types, using different techniques, discussed later in this chapter. 

1.2. Melanoma Antigens 

Almost all the antigens identified in melanoma, except HER2/7ie«, are 
tumor-expressed self-antigens, which means that in addition to being found in 
tumor tissue antigens can be found in normal, nonmalignant tissues (reviewed 
in ref. 14). Table 1 lists melanoma-derived antigens discovered so far. 

1.2.1. Oncospermatogonal Antigens 

The first human tumor-derived antigen to be described was melanoma anti- 
gen-Al (MAGE-A1) (15). This antigen turned out to be the first member of a 
family of shared tumor antigens with great homology, which are expressed in 
various human tumors of different histologic types (e.g., melanomas; bladder, 
mammary, head, and neck squamous cell and renal carcinomas). The genes are 
located on the long arm of the X chromosome, and expression in normal tis¬ 
sues can be found only in the testis and, in some cases, the placenta. Therefore, 
antigens in this category are called oncospermatogonal antigens. When these 
antigens are used as targets in cancer therapy, the risk of inducing an eventual 
autoimmune response is minimized by the lack of major histocompatibility 
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Table 1 

Melanoma-Expressed Antigens Recognized by Both CD8 + 
and CD4 + T-Cells 


Antigen 

HLA 

restriction" 

Epitope 

Sequence^ 

Reference 

Oncospermatogonal antigens 




MAGE-At 

A*01 

161-169 

EADPTGHSY 

105 


A*03 

96-104 

SLFRAVITK 

140 


A*24 

147-155 

NYKHCFPEI 

113 


A*28 

222-231 

EVYDGREHSA 

140 


B*3701 

127-136 

REPVTKAEML 

108 


B*53 

258-266 

DPARYEFLW 

140 


Cw*0201 

62-70 

SAFPTTINF 

140 


Cw*0301 

230-238 

SAYGEPRKL 

140 


Cw*1601 

230-238 

SAYGEPRKL 

90 

MAGE-A2 

A*0201 

112-120 

KMVELVHFL 

60 


A*0201 

157-166 

YLQVFGIEV 

60 


B*3701 

127-136 

REPVTKAEML 

109 

MAGE-A3 

A*01 

168-176 

EVDPIGHLY 

89 


A*02 

112-120 

KVAELVHFL 

140 


A*02 

276-284 

FLWGPRAYA 

121 


A*2402 

195-203 

IMPKAGLLI 

114 


A*2402 

97-105 

TFPDLESEFF 

116 


B*3701 

127-136 

REPVTKAEML 

109 


B*44 

167-176 

MEVDPIGHLY 

119 


Dipt *1301/2 

114-127 

AELVHFLLKYRAR 

38 


Drp 1*1301/2 

121-134 

LLKYRAREPVTKAE 

38 


DR11 

286-300 

TSYVKVLHHMVKISG 

17 

MAGE-4a 

A*0201 

254-263 

GLYDGREHTV 

17 

MAGE-A6 

A*3402 

290-298 

MVKISGGPR 

123 


B*3701 

127-136 

REPVTKAEML 

109 

MAGE-A10 

A*0201 

254-262 

GLYDGMEHL 

110 

MAGE-A12 

A*0201 

276-284 

FLWGPRALV 

121 

MAGE-B1 

A*0201 

276-284 

FLWGPRAYA 

121 

MAGE-B2 

A*0201 

276-284 

FLWGPRAYA 

121 

BAGE 

Cw*1601 

2-10 

AARAVFLAL 

124 

GAGE-1 

Cw*6 

9-16 

YRPRPRRY 

125 

LAGE-1 (CAMEL) A*0201 

ORF2 1-11* 

MLMMAQEALALFL 

126 

PRAME 

A*24 

301-309 

LYVDSLFFL 

127 

NY-ESO-1 

A*02 

157-165 

SLLMWITQC 

104 


A*02 

157-167 

SLLMWITQCFL 

104 


A*02 

155-163 

QLSLLMWIT 

104 


A*31 

ORF2 

LAAQERRVPR 

94 


A*31 

ORF1 

ASCPGGGAPR 

94 

DAM-6 

A*02 

271-279 

FLWGPRAYA 

128 


(continued) 
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Table 1 (continued) 


Antigen 

HLA 

restriction" 

Epitope 

Sequence# 

Reference 

Melanocytic differentiation antigens 



Tyrosinase 

A*01 

243-251 

KCDICTDEY 

113 


A*01 

146-156 

SSDYVIPIGTY 

129 


A*0201 

1-9 

MLLAVLYCL 

107 


A*0201 

369-377 

YMNGTMSQV 

96,107 


A*0201 

369-377 

YMDGTMSQV 

107 


A*0201 



130 


A*2402 

206-214 

AFLPWHRLF 

108 


B*44 

192-205 

SEIWRDIDF 

131 


DR|31*0401 

56-70 

QNIELSNAPLGPQFP 

36 


DR|31*0401 

448-462 

DYSYKQDSDPDSFQD 

36 


DR|31*1501 

386-406 


132 

MART - 1/Melan-A 

A*0201 

27-35 

AAGIGILTV 

112 


A*0201 

26-35 

EAAGIGILTV 

70 


A*0201 

32-40 

ILTVILGVL 

99 


A*02 

27-35 

LAGIGILTV 

133 


B*4501 

24-33 

AEEAAGIGIL 

130 

gplOO 

A*0201 

154-162 

KTWGQYWQV 

120 


A*0201 

209-217 

ITDQVPFSV 

28 


A*0201 

280-288 

YLEPGPVTA 

28 


A*0201 

457-466 

FLDGTATLRL 

108 


A*0201 

476-485 

VLYRYGSFSV 

28 


A*0201 

619-627 

RLMKQDFSV 

129 


A*0201 

639-647 

REPRIFCSC 

129 


A^OS 

17-25 

ALLAVGATK 

118 


A*03 

614-622 

LIYRRRLMK 

129 


A*0301 

87-96 

ALNFPGSQK 

117 


A*0301 

86-96 

IALNFPGSQK 

117 


A*1101 

87-96 

ALNFPGSQK 

117 


A*2402 

INT-4 

VYFFLPDHL 

21 



170-178 C 




C*0802 

71-78 

SNDGPTLI 

134 


DR|31*0401 

44-59 

WNRQLYPEWTEAQRLD 37 

TRP-l/gp75 

A*31 

1-9 

MSLQRQFLR 

25 

TRP-2 

A*31 

197-205 

FLPGGRPYR 

93,135 


A*33 

197-205 

ELPGGRPYR 

134 


A*0201 

180-188 

SVYDFFVWL 

136 


C*0802 

387-395 

ANDPIFVVL 

134 


A*68011 

INT-2 

EVISCKLIKR 

20 

MC1R 

A*0201 

244-252 

TILLGIFFL 

137 


A*0201 

283-291 

FEALIICNA 

137 


A*0201 

291-300 

AIIDPLIYA 

137 
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Table 1 (continued) 


Antigen 

HLA 

restrictions! 

Epitope 

Sequence# 

Reference 

Other melanoma-expressed (mutated) antigens 



MUM-1 

B*44 

nt782-808 rf 

EEKLIVVLF 

32 

CDK4 

A*02 

22-32 

ACDPHSGHFV 

34 

p-Catenin 

A*24 

29-37 

SYLDSGIHF 

33 

pl5 

A*24 

NA f 

AYGLDFYIL 

138 

GnT-V 

A*02 

INT 

VLPDVFIRC(V) 

31 

TPI 

DRpi*0101 

23-37 

GELIGILNAAKVPAD 

40 

Annexin II 

DRpi*0401 

208-223 

DVPKWISIMTERSVPH 

37 

LDLR-FUT 

DRpi*01 

Antisense^ 

WRRAPAPGAK 

41 

fused genes 





CDC27 (mutated) 

DRf 1*0401 

758-772 

FSWAMDLDPKGA 

42 

Oncogene-derived antigens 




HER2/neu 

A*0201 

369-377 

KIFGSLAFL 

139 


A*0201 

435-443 

ILHNGAYSL 

139 


A*0201 

665-673 

VVLGVVFGI 

139 


A*0201 

689-697 

RLLQETELV 

139 


A*0201 

952-961 

YMIMVKCWMI 

139 


"HLA-DR-restricted epitopes are recognized by CD4 + T-cells, others by CD8 + T-cells. 
*ORF, epitope derived from an alternative ORF from the same gene. 
r INT, epitope is encoded by an intronic region of the gene. 

"^Location is given in nucleotide sequence. 
f NA, not available. 

^Epitope is derived from an antisense product of the fused genes. 
x Bold amino acids are point mutated. 


complex-I (MHC-I) expression in the testis (16). After MAGE-A1, a series of 
other antigens of this family recognized by CTLs were identified (see Table 1). 

There are four MAGE subfamilies: MAGE-A, MAGE-B, MAGE-C, and 
MAGE-D (17). Many melanoma-reactive CTLs have been identified directed 
against MAGE-A and MAGE-B gene-derived peptides, but not yet against pep¬ 
tides from MAGE-C and MAGE-D. The MAGE-A subfamily consists of 12 
closely related genes (18), from which MAGE-A1, MAGE-A2, MAGE-A3, 
MAGE-A4a, MAGE-A6, MAGE-A10 and MAGE-A12 were shown to con¬ 
tain CTL epitopes. The MAGE genes are expressed in a large percentage of 
melanoma tumor samples (MAGE-A 1 in 40%, MAGE-A2 in 70% of meta¬ 
static melanomas, MAGE-A3 in 65% of melanoma samples, and MAGE-A10 
in 21% of primary melanoma lesions and in 47% of metastatic melanoma tis¬ 
sues) and are therefore promising targets for immunotherapy. 

At present it is not clear why these testis-specific genes are activated in 
certain malignancies and what their normal function is. A possible mechanism 





36 


Visser et al. 


of activation is demethylation (an event that occurs in many tumors) of the 
promoter region. It was shown for MAGE-A1 that a demethylating agent could 
activate the gene in MAGE-A 1-negative cells (18,19). Because expression is 
observed only in placental or testis tissue, it is thought that the onco- 
spermatogonal antigens play a role in embryogenesis. 

1.2.2. Melanocytic Differentiation Antigens 

Melanocytic differentiation antigens are not only expressed in melanomas 
but also in normal melanocytes and in the retina. These proteins are specific 
for the melanocytic lineage and are often involved in melanin metabolism 
(tyrosinase, gplOO, and tyrosinase-related protein-1 [TRP-1] and TRP-2). They 
are located in cytoplasmic organelles called melanosomes. The antigenic 
epitopes of these differentiation antigens are derived from normally processed 
nonmutated proteins, or sometimes from intronic regions in the gene (TRP-2 
[20] and gplOO [21]). Tyrosinase-specific CTLs can be induced from healthy 
donor blood, which means that these autoreactive CTLs are not clonally deleted 
in most individuals, as is usually the case with self-proteins (22). It is possible 
that in a normal situation, these CTLs are not activated, but when antigen lev¬ 
els increase, the T-cells can be stimulated. The first differentiation antigen 
described is tyrosinase (23). This enzyme is expressed in virtually all mela¬ 
noma samples and converts tyrosine into dihydroxyphenylalanine, a process 
that is involved in melanin production (24). Two other differentiation antigens, 
TRP-1 and TRP-2, are closely related to tyrosinase (40% homology). Their 
biologic function is not completely known, but they are probably also involved 
in the melanin pathway. Until now only one CTL epitope was determined for 
TRP-1 from an alternative open reading frame (ORF) (25). TRP-2 is one of the 
most highly expressed glycoproteins in human pigmented melanocytic cells 
and melanoma. Multiple epitopes recognized by CTLs are described for TRP-2, 
including one derived from an intronic region of the TRP-2 gene (20). MART-1/ 
Melan A is a small membrane protein with an unknown function that was 
simultaneously discovered by two research groups (26,27). Finally, the differ¬ 
entiation antigen gplOO was originally identified as a melanocytic lineage- 
specific antigen recognized by antibodies. However, in recent years a series of 
CTL peptides from the gplOO protein were identified for different human leu¬ 
kocyte antigen (HLA) alleles. Moreover, a significant correlation between 
T-cell recognition in vitro and tumor regression in patients receiving T-cell 
therapy has been demonstrated for gplOO (28). Melanocyte destruction has 
occurred in several melanoma patients responding to immunotherapies but only 
in the skin as vitiligo and not in the eye or other organs (29). Also, after vacci- 
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nation with a recombinant Vaccinia virus encoding for mouse TRP-1, it was 
observed that besides tumor rejection, the mice also developed autoimmune 
vitiligo (30). This suggests that melanocytic differentiation antigens can be 
recognized by the immune system. 

1.2.3. Other Melanoma-Expressed (Mutated) Antigens 

The third group of tumor-expressed antigens is proteins, which are mutated 
or alternatively expressed or processed. Mutations or differences in expres¬ 
sion levels can give rise to CTLs specific for such endogenously expressed 
antigen. For example, an encrypted promoter of an intronic region of the 
V-acetylglucosaminyltransferase-V gene intronic region encodes a CTL 
epitope presented by HLA-A*0201, which is expressed in a large number of 
melanoma (approx 50%), brain, and sarcoma samples, but not in normal tis¬ 
sues (31). The normally transcribed enzyme is expressed in the Golgi appara¬ 
tus of cells from many nonmalignant tissues. 

It is believed that mutated self-proteins can give rise to antigens that can be 
recognized by T-cells. The problem with mutations is that they often occur 
randomly, differing by individual. In melanoma, the first mutated protein 
shown to be antigenic was the melanoma ubiquitous mutated-1 (MUM-1) anti¬ 
gen (32). The epitope contains a point mutation and is partly a transcription of 
an intron. The MUM-1 antigen was observed in only one patient. Other CTL 
epitopes derived from a mutated gene were found for the proteins (>-eaten in 
(33) and CDK4 (34). Both normal genes are widely expressed. 

1.2.4. Antigens Recognized by CD4 + T-Cells 

In recent years, research on T-cell immunity against human tumors has 
focused mainly on identification of CD8 + HLA class I-restricted CTL 
responses. Now a series of antigenic peptides presented by HLA class II mol¬ 
ecules (only HLA-DR), which are recognized by another subset of T-cells 
(CD4 + T-cells), also have been identified. CD4 + T-cells have a supportive role 
in the cellular antitumor immune response (35). In general, the strategies used 
for the identification of peptides recognized by CD4 + T-cells are the same as 
the ones described for the identification of peptides recognized by CTLs later 
in this chapter. 

The first antigenic peptides expressed by melanomas, for which it was shown 
that they were recognized by CD4 + T-cells, were the nonmutated tyrosinase 56 _ 70 
and tyrosinase m 162 peptides (36). In addition to epitopes from known CTL- 
recognized antigens such as gplOO (37) and MAGE-3 (38,39), new antigens 
are described for CD4 + T-cells, such as annexin II (37), triosephosphate (40), 
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low-density lipid receptor-2-a-L-fucosyltransferase fused genes (41), and 
CDC27 (42). 

1.3. Presentation of Antigens to CTLs 

In melanoma, as in virus-induced tumors, the major immune response is 
mediated by CTLs. To define tumor-derived antigens that are recognized by 
CTLs, it is important to understand the process involved in the presentation of 
the antigen to T-cells. 

In the case of viral infections or a malignancy, intracellular abnormalities 
have to be recognized by the immune system. Presentation of small peptide 
fragments of cellular proteins on the cell surface by MHC-I visualizes the inte¬ 
rior cell content to the exterior (43,44). Peptide fragments of mostly cytosolic 
proteins are generated by a cytoplasmic proteolytic complex called proteasome 
(45). These small peptide fragments, usually 9-11 amino acids long, are trans¬ 
ported to the endoplasmic reticulum (ER), where the empty MHC-I molecules 
are located. The transportation over the ER membrane is mediated by special¬ 
ized adenosine triphosphate-dependent molecules called transporters associ¬ 
ated with antigen presentation (46,47). In the ER, the peptides bind the empty 
MHC-I molecules. This binding stabilizes the MHC-I and initiates transport of 
the MHC-I/peptide complex to the cell surface. 

That CTL recognition of peptides was MHC-I restricted was first described 
in 1974 (48). X-ray crystallography elucidated that MHC-I is a membrane- 
bound molecule, consisting of two noncovalently associated components: a 
45-kDa heavy chain, with three extracellular domains (al, a2, and a3); and a 
12-kDa (3 2 -microglobulin molecule. The al and a2 domains fold together and 
form a groove wherein peptides are embedded and bound by hydrogen bonds 
and salt bridge interactions. The shape of the binding groove and the peptide 
sequence determine binding of a peptide to an MHC-I molecule. The groove is 
different for each MHC-I allele or haplotype, and therefore each haplotype 
will bind to other peptides. The majority of peptides bound to MHC-I mole¬ 
cules has a restricted size of about nine amino acids corresponding to the size 
of the binding groove and requires free N- and C-terminal ends (49-51). The 
binding groove contains conserved residues that are indispensable for peptide 
binding. These locations are called pockets, and their configuration determines 
which peptides can bind a particular MHC-I molecule. Peptides that bind to a 
given MHC-I haplotype share similar amino acids, which bind the pocket in 
the MHC binding groove (50,52). These amino acids do not need to be identi¬ 
cal, but they must be related to each other and are mostly hydrophobic or aro¬ 
matic. In addition, it is not necessary for the anchor residues to be located at the 
same place in the peptide sequence, because the peptide can bend when it is in 
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the binding groove. Except for the anchor residues, amino acids in peptides are 
highly polymorphic, as reviewed in ref. 53. In this way a wide range of pep¬ 
tides with similar residues at the anchor sides can bind to the same MHC-I 
haplotype. The two main anchor residues alone are not sufficient for high- 
affinity binding. It was shown for HLA-A*0201 molecules that secondary 
anchor residues at positions 1,3, and 7 also play a role in peptide binding to 
MHC-I (54). All these factors determine the binding of a peptide to an MHC-I 
molecule, and therefore whether a peptide can be antigenic. 

When a peptide is presented on the outside of the cell by MHC-I, CTLs can 
recognize the complex through their T-cell receptor (TCR) (55). The TCR is a 
membrane-bound heterodimer, consisting of an a- and (3-chain connected 
through disulfide bonds. Each chain contains a constant and a variable region. The 
specific recognition of the MHC-peptide complex is mediated through the TCR 
variable domains. On recognition, the CTL is triggered to produce different 
cytokines (e.g., IL-2, tumor necrosis factor-a [TNF-a], granulocyte mac¬ 
rophage colony-stimulating factor, and interferon-y [IFN-y]) and enzymes that 
can mediate lysis of the target cell. Identification of new tumor antigens in 
most of the methods described later in this chapter is dependent first on the 
possibility of a peptide to bind to an HLA molecule and second on the avail¬ 
ability of a CTL clone, which recognizes such peptides presented by a specific 
MHC-I molecule. 

1.4. Improvement of Immunotherapy Targeting 
Melanoma-Expressed Antigens 

The peptides listed in Table 1 can be recognized by CTLs in vitro and may 
be used in the treatment of cancer patients in the future. After the initial identi¬ 
fication, different methods are employed to test the immunogenicity of the pep¬ 
tide in vivo (reviewed in ref. 56). This can be done in either patients (clinical 
trials) or mouse models. 

It was first shown for two naturally processed virus-derived immunogenic 
peptides that they could be used for in vivo vaccination in mice (57,58). This 
opened the possibility of studying the immunogenicity of peptides in vivo. 
HLA transgenic mice are now available and can be used to study the immune 
response against human antigens, because these mice express, in addition to 
their own murine MHC molecule, human HLA molecules on their cells, which 
can present peptides derived from human antigens (reviewed in ref. 59). 

The HLA-A*0201 transgenic mouse is the most extensively studied HLA 
transgenic mouse model in melanoma antigen research. There are several 
examples of melanoma antigen studies in HLA-transgenic mice. For instance, 
three HLA-A*0201 binding motif and affinity-selected peptides from MAGE- 
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A2 were able to induce CTL responses in HLA-A*0201/K b transgenic mice (60). 
A method using the HLA-A*0201 model is described in detail subsequently. 

To find an optimal protocol for the use of peptides as targets of immuno¬ 
therapy, different ways of introducing the antigen or specific CTLs to the 
immune system are also being tested in clinical trials (61). Several studies have 
been conducted using either naked peptides or peptides admixed with adju¬ 
vants and different routes of administration (62). Recently, e.g., it was reported 
that vaccination of 25 patients with the HLA-A1-restricted MAGE-A3 168 _ 176 
led to tumor regression in 7 patients, from which 2 remained disease free, with¬ 
out a detectable CTL response directed against the peptide (63). Instead of 
vaccination with peptides, it is also possible to inject the patient with in vitro- 
generated and -expanded tumor-specific CTLs (adoptive transfer). It has been 
shown that occasional regression of the tumor occurs in melanoma patients 
after treatment with TILs and IL-2 (64,65). 

Most peptides derived from melanoma antigens are weakly immunogenic in 
comparison with peptides derived from viral antigens. Their low immunoge- 
nicity is possibly owing to poor or intermediate MHC-I binding (66), the insta¬ 
bility of the MHC-peptide complex (67), or the fact that they are self-antigens. 
To improve their immunogenicity, peptides are being modified to enhance their 
affinity for MHC-I. The MART-1/Melan-A 26 _ 35 epitope, e.g., has anchor resi¬ 
dues that are not optimal for binding to HLA-A*0201. A dominant anchor 
amino acid residue (leucine or methionine) is lacking at position 2 and a nega¬ 
tively charged amino acid is found at position 1. Therefore, amino acid substi¬ 
tutes are made at these positions to enhance affinity and stability, but without 
interfering with the portion of the peptide that is recognized by the specific 
CTLs. Recently, MART-1/Melan-A 2 7_35 peptide analogs were tested in 
HLA-A*0201/K b transgenic mice in comparison with normal peptide analogs. 
It was found that the analogs were potent immunogens for in vivo CTL prim¬ 
ing, in contrast to their natural counterparts (68). A similar study was done 
with gplOO peptide analogs, in which it was shown that three analogs gener¬ 
ated stronger immune responses, and that these analogs could generate CTLs 
from human PBLs that recognized the unmodified peptide (69). In general, it 
was shown that modified peptides bound with a higher affinity to the MHC-I 
molecule, that they could induce more easily specific T-cells, and that recogni¬ 
tion by TILs was more efficient (70,71). Also, for the gpl 00 20 9 _ 2 i 7 HLA-A*0201 
restricted epitope, modifications at the anchor residue positions were made 
that were shown to increase the affinity of the peptide for MHC-I and to 
improve the induction of melanoma-reactive CTLs (72). This modified peptide 
has now been used in a clinical trial, in which a significant increase in CTL 
precursor frequency was observed. Unfortunately, despite the increase in CTL 
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precursors in all patients, 10 of 11 patients did not show tumor responses. When 
evaluated in vitro, peripheral blood mononuclear cell-derived T-cells from the 
vaccinated patients recognized the peptides, but only few recognized mela¬ 
noma cell lines, indicating that immunization with the modified peptide 
affected the T-cell repertoire with different fine specificity (73,74). 

Although many antigens recognized by T-cells have been identified, more 
work is being done to find new antigenic peptides. Synthetic peptides are 
simple to produce in large amounts and are easy to handle, which makes them 
suitable for broad use as vaccines. However, there are several disadvantages to 
the use of peptides for immunotherapy. For each HLA allele, new peptides that 
can bind the MHC-I molecule have to be identified, because the anchor resi¬ 
dues, which fit in the pockets of the binding groove, are different. Most pep¬ 
tides identified to date are HLA-A*0201 restricted, the HLA allele found most 
widespread in the Caucasian population. Now more and more peptides, deriv¬ 
ing from known antigens such as gplOO or tyrosinase, also are being identified 
for other HLA haplotypes. Frequently occurring problems in the peptide-based 
immunotherapy of cancer are the loss of either antigen or MHC-I haplotype 
expression of tumor cells under pressure of the treatment (reviewed in ref. 75). 
It was shown that heterogeneous expression of melanoma antigens and 
HLA-A*0201 in metastatic melanoma tissues could be detected (76,77). 
Another study describes two melanoma cell lines derived from metastases 
removed from a patient several years apart. The patient developed a very strong 
CTL response against the initial tumor. But the second tumor resisted lysis by 
these CTLs because it lost expression of most MHC-I molecules under the 
selective pressure of an in vivo antitumor CTL response (78,79). These find¬ 
ings underline the need for multiple targets in the immunotherapy of mela¬ 
noma patients, and, therefore, it is necessary to find new peptides that can be 
recognized by tumor-specific CTLs, when presented on an MHC-I molecule, 
to increase the possibilities for treatment. 

Much effort has to be put into the development of tumor antigen-directed 
vaccines before they can be used as immunotherapy in the treatment of cancer 
(80). It was shown that synthetic peptides are able to both induce and tolerize 
T-cells, as was reported for a peptide derived from an H-2D b -restricted lym¬ 
phocytic choriomeningitis virus (81) and for a tumor model based on a human 
adenovirus type 5 El A-region (Ad5E^ 234 . 243 ) (82,83). In the Ad5El A model, 
it was demonstrated that tumor outgrowth was enhanced after peptide vaccina¬ 
tion. Therefore, besides peptide-based immunotherapy, other vaccinations, e.g., 
with protein DNA, RNA, or (in case of virus-induced cancers) virus-like par¬ 
ticles, are being tested. These methods have the advantage of HLA indepen¬ 
dency because the entire antigen is used for vaccination and may not lead to 
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tolerization of CTLs. However, it still remains important to identify new tumor- 
expressed antigens and antigenic peptides to open new possibilities for active 
immunization against cancer. 

2. Methods Used for Identification of Melanoma-Derived Antigens 

There are several strategies to identify and characterize new melanoma- 
derived antigens depending on the starting points. Different strategies are 
applied to identify a new antigenic peptide (e.g., for a different HLA haplo- 
type) from a known antigen, or to identify an antigen without prior knowledge 
of the source protein. Also, the availability of tumor-specific CTLs is a factor 
that influences the method of choice. The most commonly used approaches are 
discussed next. 

2.1. Generation of T-Cells 

Several methods for the identification of new antigens start with the genera¬ 
tion of CTLs that recognize the tumor from which the antigen will be identi¬ 
fied. Only for the reverse immunology method discussed in Subheadings 2.3.2. 
and 3., a CTL clone is not necessary at the start. In this section, the strategies to 
obtain melanoma-specific CTLs are described briefly. 

The basis of generating CTLs is the mixed lymphocyte tumor cell culture 
(MLTC). CTL clones against an autologous melanoma were generated in an 
MLTC by cocultivation of peripheral blood mononuclear leukocytes with irra¬ 
diated autologous tumor cells and IL-2. To get CTL clones, the MLTC 
responder lymphocytes were cloned by limiting dilution and restimulating each 
week with irradiated tumor cells and Epstein-Barr virus (EBV)-transformed 
feeder B-cells (9,84). Another group used instead of peripheral blood-derived 
lymphocytes, lymphocytes isolated from the tumor (TILs) as a source for lym¬ 
phocytes. These TILs were prepared from metastatic melanomas as reported in 
ref. 85. TILs were initially expanded with IL-2 and IL-4, followed by 
cocultivation with irradiated autologous tumor cells (86). Later it was also 
shown that tumor-specific T-cells could be generated from healthy donor blood 
instead of blood derived from melanoma patients (87). Also, tumor-specific 
CTLs could be induced by stimulation with antigenic peptides pulsed on anti- 
gen-presenting cells (88). This finding was useful for the method described in 
Subheading 3. 

When a CTL clone is available, it has to be tested for specificity and HLA 
restriction before it can be used for the identification of the peptide recognized 
by this clone. The strategy described is used by most of the groups that have 
identified melanoma antigens. Usually, tumor specificity is tested by measur¬ 
ing cytotoxicity in a standard 51-chromium release assay of the CTL clone 
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with a panel of cells as targets, including nonmelanoma (e.g., autologous 
EBV-B-cells and other tumors) and the autologous melanoma, which is used 
for the generation of T-cells. Preferably, the CTLs should recognize only the 
autologous melanoma, which will be used for the identification of the antigen. 
To test MHC-independent cytotoxicity, usually the natural killer (NK) cell- 
sensitive cell line K562 is used as the target. HLA restriction can be deter¬ 
mined by blocking monoclonal antibodies (MAbs) against the HLA haplotypes 
expressed by the patient from which the tumor was removed. Blocking MAbs 
are not available for every HLA allele, which makes it difficult to identify 
peptides presented by some HLA molecules. 

2.2. Identification of an Antigenic Peptide Without Prior 
Knowledge of the Source Protein 

One requirement for identifying antigens when the protein is unknown is the 
availability of a tumor-specific CTL clone (see Subheading 2.1.). To find new 
antigens, a few different approaches have been developed that are used by sev¬ 
eral groups. One method generates genomic or cDNA libraries from tumor 
cells recognized by the CTL, but express the same HLA haplotype as the origi¬ 
nal tumor, followed by transfection of progressively smaller subsets of these 
molecular clones into cells that lack the antigen. These libraries are then 
screened for recognition by tumor-specific CTLs. A second method is the elu¬ 
tion of naturally presented peptides from the MHC molecules of the tumor cell, 
which are then fractionated and tested for recognition by tumor-specific CTLs. 
A third method is based on the existence of antibodies in serum from mela¬ 
noma patients, which are directed against a tumor antigen. This tumor antigen 
is subsequently tested for recognition by CTLs. All these techniques are dis¬ 
cussed next. 

2.2.1. Screening of cDNA Expression Libraries 

This method is the most commonly used approach for identification of new 
tumor antigens. There are differences in the several transfection models, but 
the strategies are essentially the same. Most researchers start with the genera¬ 
tion of CTLs for their specific tumor model. Lirst, tumor specificity HLA- 
restriction and eventual MHC-unrestricted cytotoxicity (by testing an NK 
cell-sensitive cell line) of CTLs is tested. The tumor cells that are specifically 
lysed by the CTLs are used to generate a cDNA expression library by trans¬ 
fecting into cells that are not recognized by the specific T-cells but express the 
appropriate HLA haplotype. In this library, theoretically, the genes that are 
activated, and therefore transcribed into messenger RNA (mRNA), are avail¬ 
able, including genes encoding for the antigen recognized by the CTL clone. 
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2.2.1.1. Creating cDNA Constructs of Melanoma Cells 

Polyadenylated mRNA is obtained from the melanoma cells of interest by 
using a standard commercially available poly (A) + mRNA isolation kit (e.g., 
see refs. 31 and 33). The isolated mRNA is converted into cDNA by a reverse 
transcriptase polymerase chain reaction (RT-PCR) using a poly-T tail primer 
(oligo dT) or random hexamer primers that bind on different random places of 
the mRNA fragments. Usually, the research groups that made a cDNA library 
for identifying melanoma antigens used commercial kits, which contain all the 
reaction ingredients and both primer solutions. Restriction sites are connected 
to the ends of the PCR fragments, making the cDNA suitable for cloning into 
an expression vector with a eukaryotic promoter. This can be done by using 
blunt end adapters or a dT primer connected to a restriction site. 

2.2.1.2. Transfection of cDNA Constructs into an Expression System 

The pools of plasmids containing different fragments are transformed into 
bacteria, to amplify the cDNA. Pools of approx 100 bacteria clones containing 
the cDNA are used to isolate the plasmid DNA, which is used for transfection 
into cells that can process and express the protein derived from the inserted 
cDNA. Originally, recombinant genomic or cDNA libraries were introduced 
into antigen lacking MHC-matched tumor cells. For example, the cDNA 
library, which led to the discovery of the MAGE-1 gene, was transfected into a 
melanoma cell line of the original patient who had lost the antigen recognized 
by the CTLs (15). Flowever, tumor cells are much more difficult to transfect, 
and expression levels of the newly introduced DNA are relatively low. This 
was improved by using systems such as the highly transfectable COS-7 cells 
(89,90), which is currently the most commonly used transfection system for 
tumor antigen identification. COS-7 cells require the Simian Virus-40 (SV40) 
replication, which results in a high expression level of plasmids with the SV40 
long terminal repeat. Because the purpose is to screen the library with CTLs, it 
is necessary to cotransfect a plasmid with an HLA gene together with the cDNA 
construct. 

F1LA restriction is determined by blocking antibodies, as discussed in Sub¬ 
heading 2.1. Usually, FILA genes are obtained by isolating the FILA encoding 
mRNA from the autologous tumor cells and cloning the cDNA into an expres¬ 
sion vector. This was done for the HLA-Cw* 1601-restricted MAGE-A1 230-238 
peptide by isolation from the cDNA library with a standard hybridization using 
an FILA- and an FILA-Cw-specific probe (90). In many cases, however, block¬ 
ing antibodies are not available for particular HLA alleles, making it difficult 
to identify the restriction element. To circumvent this problem, retrovirus-based 
melanoma-derived cDNA constructs are made that can be transfected into 
autologous EBV-transformed B-cells (91). 
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2.2.1.3. Screening the Library 

Screening the library is done with the tumor-specific CTLs, which are reac¬ 
tive against the tumor or tumor cell line from which the cDNA library is 
derived. The readout systems are the common assays for testing recognition by 
CTLs, although 51 -chromium release assays are not frequently used for screen¬ 
ing the libraries. To identify cDNA pools containing an insert for a tumor anti¬ 
gen, the supernatants of the T-cell and transfectant cocultures are tested for 
cytokines, such as IFN-y, TNF-a, and GM-CSF, which are released by acti¬ 
vated CTLs. These cytokines can be measured in standard assays, such as the 
cellular WEF1I assay for TNF-a release and sandwich enzyme-linked 
immunosorbent assays for IFN-y and GM-CSF (92,93). WEHI cells, which are 
sensitive to TNF-a, are cultured in the presence of supernatant. Dead cells can 
be visualized by adding MTT to the cells, which turns blue inside living cells. 
After lysis of the WEHI cells, absorbance at 595 nm can be measured as an 
indication of TNF-a produced by the T-cells. 

For the sandwich ELISA, supernatants of the T-cell and transfectant 
cocultures are transferred into 96-well plates coated with MAbs against IFN-y or 
GM-CSF, to which the soluble cytokines bind. A second cytokine-specific anti¬ 
body, labeled with a marker, is used to detect the binding cytokines in two steps. 

Positive pools are subcloned, so that each pool of bacteria represents one 
single cDNA fragment. These clones are tested in the same way as described in 
the preceding paragraph, to identify the bacteria with the plasmid containing 
the insert encoding for the antigen. The sequence of the insert is determined 
and compared with known sequences. This can be done by a Basic Local Align¬ 
ment Search Tool search in a database such as GenBank on the Internet 
(www.ncbi.nlm.nih.gov). Antigenic peptides derived from proteins such as 
CDK4 (34), tyrosinase (23), and (3-catenin (33) were matched to sequences 
previously added to the GenBank database. Other antigens, including most 
oncospermatogonal, were completely new proteins. Therefore, expression of 
these genes in normal and malignant tissues had to be explored (17). 

The insert is usually a fragment of a few thousand base pairs. To narrow the 
localization of the part that encodes for the peptide recognized by the CTLs, 
smaller parts can be made of the insert. There are several options to accom¬ 
plish this. First, there is the exonuclease III method, which is used for the de¬ 
termination of many melanoma CTL epitopes (90,93,94). Exonuclease III is an 
enzyme that digests a certain amount of double-stranded DNA from the 3' end 
per time point. By digesting the DNA with exonuclease III for different peri¬ 
ods and at different temperatures, truncations of variable sizes of the inserted 
DNA sequence are made. Plasmid DNA is amplified and isolated the same 
way as described and used for transfection in, e.g., COS-7 cells. Then, these 
cells can be screened with CTLs for recognition. Shorter fragments also can be 
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made by PCR amplification of different fragments or digestion with restriction 
enzymes, as was done for the intron encoded TRP-2 epitope (20). 

Another way to identify the recognized peptides is to synthesize all the pos¬ 
sible peptides from the inserted sequence that can be presented by MHC-I and 
screen them for CTL activity. However, this is a laborious method. Therefore, 
similar but faster approaches are used. When the antigen is presented by an 
MHC-I haplotype such as HLA-A*0201, from which multiple binding peptides 
and anchor residues are known, possible binding peptides of the tumor antigen 
can be synthesized and tested. This strategy can be used only when the protein 
sequence is known; it is discussed in detail in Subheadings 2.3.2. and 3. 

2.2.2. Acid Elution of MHC-I Binding Peptides 

Another approach is largely biochemistry based. In this method, peptides 
presented by MHC-I molecules are eluted, fractionated, and tested for their 
possibility to reconstitute recognition by melanoma-specific CTLs of peptide- 
pulsed target cells expressing the appropriate MHC molecule. In this way, only 
naturally processed and presented peptides are evaluated. In addition to identi¬ 
fication of new epitopes such as gpl 00 2 go -288 (95), using this assay it was also 
discovered that a tyrosinase-derived epitope (369-377) was posttranslationally 
modified (96). However, owing to the technical difficulties and complexities 
associated with fractionation and sequencing of the eluted peptides, very few 
research groups have been able to isolate antigenic peptides recognized by 
CTLs in this manner. 

Similar to the cDNA expression libraries, melanoma tumor samples or mela¬ 
noma cell lines recognized by established CTLs must be available in order to 
use this method. The cells recognized by the CTLs are then used for the elution 
of MHC-I-presented peptides. The elution is done in an acid environment using 
citrate phosphate (pH 3.3) (97), or acetic acid (pH 2.1) (98) to break the bonds 
between the peptide and the MHC molecule. It is optional to isolate specific 
HLA molecules, by solubilizing the cells and pouring the supernatant on pro¬ 
tein A-Sepharose columns containing MAbs for the appropriate HLA molecule 
(98). The small MHC-bound peptides are separated from other proteins by 
using a spin column or a filter that discriminates among peptides of a certain 
molecular weight (e.g., masses <5 kDa). 

The isolated peptides are fractionated by reverse phase high-performance 
liquid chromatography (RP-HPLC), the best technique for peptide isolation 
and purification. The RP-HPLC fractions can subsequently be used to pulse 
cells lacking the antigen recognized by the CTLs, but expressing the correct 
HLA molecule (95,98). The fractions are tested for reconstituting lysis by the 
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melanoma-specific T-cells in the previously mentioned assays. The recognized 
peptide epitope within a reconstituting peptide fraction can be identified and 
sequenced by tandem mass spectrometry (93,96,99). This is done by scanning 
the fragment ions resulting from collision with argon, which results in a spec¬ 
trum corresponding to the peptide amino acid sequence (99). Gaps in the 
sequence can be solved by coelution of different synthetic peptides with the 
naturally processed peptide and comparison of the spectra (95,99). 

Another difficulty of using this method is the uncertainty from which 
protein the identified peptide is derived. Screening a database only gives a 
list of possible sources. The most plausible variant is chosen and can be used 
for testing, e.g., when the sequence can be found in a previously discovered 
tumor antigen, as was the case for the MART-1/Melan-A 32 _ 40 peptide and 
gpl00 2 8o-288 (95,99). 

2.2.3. A Serologic-Based Approach 

A relatively new method is a combination of a serologic and a cellular strat¬ 
egy, based on the finding that multiple specific immune responses can be elic¬ 
ited against tumors (100,101). This method is called serologic identification of 
antigens by recombinant expression screening with autologous sera (SEREX) 
and it provides another route for defining immunogenic human tumor anti¬ 
gens. It was shown that elevated melanoma CTL antigen- (e.g., MAGE-1 and 
tyrosinase) directed IgG antibody titers could be detected in serum of mela¬ 
noma patients (100,102). Based on this observation, the antibody screening of 
cDNA libraries prepared from human tumors was used to identify new anti¬ 
gens recognized by CTLs. The oncospermatogonal antigen NY-ESO-1 (102) 
was among the first tumor antigens discovered with the SEREX method. Later, 
NY-ESO-1 also was shown to contain epitopes that were recognized by CTLs. 

SEREX requires the construction of a cDNA expression library from total 
tumor RNA. Poly(A) + RNA is isolated from this pool and reverse transcribed 
into cDNA. The cDNA is digested into smaller fragments that are cloned in a 
bacteriophage vector (e.g., XZAPII) and packaged into phage particles. The 
phage library is screened with patient serum (100,103). The reactive cDNA 
clones are subcloned and sequenced and compared in a database with existing 
sequences. The antigen identified is an antigen recognized by antibodies. In 
addition, the tumor antigen must be tested for recognition by T-cells. There¬ 
fore, a cell expressing the antigen and a tumor-reactive CTL line must be es¬ 
tablished. The procedures followed to identify NY-ESO-1 as a CTL-recognized 
antigen (104) are basically the same as those used to identify new antigenic 
peptides deriving from a known protein ( see Subheadings 2.3. and 3.). 
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2.3. Identification of an Antigenic Peptide 
with Prior Knowledge of the Source Protein 

After the first discoveries of tumor antigens, the genes encoding these pro¬ 
teins were identified. With this knowledge, new peptides encoded by these 
genes for other HLA haplotypes can be easily identified. The first one described 
here is based on the strategy also used for screening a cDNA library (see Sub¬ 
heading 2.2.1.). The second synthetic peptides used were selected for their 
MHC-I binding motif and were then tested for their ability to induce tumor- 
specific cytotoxicity. 

2.3.1. Cloning the Gene Encoding for the Antigen 

This approach overlaps mainly with the cDNA screening strategy, except 
that the entire gene for a known antigen, placed in an expression vector, is 
used. This construct is transfected in an autologous cell line or in highly 
transfectable cells such as COS-7. The screening with CTLs and identification 
of the antigenic peptides can be done in the same way as described previously 
(see Subheading 2.2.1.). The original plasmid cloned from the tumor cDNA 
library is frequently used. The peptide encoded by the MAGE-A1 gene, pre¬ 
sented by HLA-A*01, was identified using a plasmid from the cDNA library 
(105) that led to the discovery of MAGE-A1 (15). 

Transfection of cells with a plasmid containing the gene for a known anti¬ 
gen is useful when a new epitope, binding to the same or another MHC-I mole¬ 
cule, has to be identified. It starts mostly with a CTL clone, which is restricted 
to a certain HLA type, depending on the different haplotypes present in the 
patient from whom the CTL clone is derived. It is also useful when recognition 
of different cell lines by CTLs strongly correlates with expression of a known 
antigen, e.g., gplOO for an HLA-A*0201 -restricted CTL (106). To determine 
whether this was in fact the antigen recognized by the CTL, a construct was 
made containing the gene for gplOO and transfected into gplOO negative 
HLA-A*0201 -expressing cells. To identify the antigenic peptide, the same 
methods are used as described in Subheading 2.2.2. (107,108). 

It is also possible to test a CTL clone on a panel of cells expressing different 
known antigens (e.g., all the members of the MAGE-A family) and the appro¬ 
priate HLA molecule. Screening a panel of cells recently led to the identifica¬ 
tion of a peptide encoded by multiple members of the MAGE family (109). 
Additionally, using this method a MAGE-A 10-derived peptide was identified 
as a melanoma antigen (110). 

2.3.2. Prediction of MHC-I Binding Peptides 

The prediction of MHC-I binding is based on the knowledge of the protein 
sequence and the residues necessary for binding to a particular HLA allele. 
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Because the structure of the MHC-I molecule was elucidated, the importance 
of anchor residues in peptides for binding to MHC-I was acknowledged ( see 
Subheading 1.3.). It was proposed that a binding peptide could be predicted 
from the protein sequence in order to identify new antigenic epitopes encoded 
by a known antigen. In studies with the human papillomavirus type 16 E6 and 
E7 proteins, the role of binding motifs to different HLA alleles in predicting 
affinity underlined the usefulness of these motifs for identification of new CTL 
epitopes (111). The first melanoma-derived peptide identified based on the 
HLA-binding motif and recognized by CTLs was MART-1/Melan-A 27 _35, 
which is presented by HLA-A*0201. This epitope was recognized by multiple 
CTLs (112). Most described antigenic peptides predicted by their HLA-binding 
motif bind HLA-A*02, which is the most frequently expressed allele in the 
Caucasian population (about 50% of individuals) and for which the best 
experimental models are available. With the increasing number of antigenic 
peptides, binding motifs for other HLA haplotypes also are available and used 
in the characterization of new melanoma CTL epitopes (such as HLA-A*01 
[113], HLA-A*24 [114-116], HLA-A*03 [117.118], and HLA-B*44 [119]). 
A protocol for identification of HLA-A*0201 binding peptides by reversed 
immunology is described later in this chapter. 

There are two different ways to use the HLA-binding motif in the identifica¬ 
tion of new epitopes. The first is based on an existent CTL clone and is a com¬ 
bination of the cDNA expression library method (see Subheadings 2.2.1. and 
2.3.1.) and the production of binding motif-based synthetic peptides from the 
sequence of the plasmid in the clones recognized by CTLs (28,112, 
113,118,120). This is an alternative for synthesizing all possible 8-11 amino 
acid peptides from the sequence or the exonuclease III and PCR method to 
narrow down the location of the antigenic epitope. The synthetic peptides are 
tested in the same way as described for the second method, except that the 
CTLs are already available. 

The second method is called reverse immunology and does not require an 
established CTL clone recognizing a melanoma cell line to start with, in con¬ 
trast to all the other described methods. The sequences of proteins that previ¬ 
ously have been shown to be antigenic are screened for peptides containing the 
anchor residues necessary for binding to a specific HLA molecule. This is done 
by comparing the peptide sequence to the chemistry of previously identified 
peptides expressed by that particular HLA allele, which are available in the 
literature. MAGE-A3 2 7i_279 was the first melanoma-expressed peptide found 
with the reverse immunology method. That leucine in position 2 or valine in 
position 9 or 10 was present in many peptides that bound to HLA-A*02 
enabled the selection of 10 peptides from the MAGE-A3 sequence containing 
that binding motif (121). A computer program has been developed to screen 
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sequences for HLA-A*0201 -binding motifs (122). Now, databases are also 
available on the Internet to screen proteins for peptides with HLA binding 
motifs ( see Subheading 3.2.). Peptides with the appropriate anchor residues 
are synthesized and tested in vitro for MHC-I binding in a peptide-binding 
competition assay in which the half-maximal binding of a control peptide is 
measured (for details see Subheadings 3.1. and 3.2.). From the synthetic pep¬ 
tides, moderate to good binders are selected for further testing. The methods of 
generating specific CTLs against the selected peptides in vitro when pulsed on 
IL-4 and GM-CSF stimulated peripheral blood monocytes and cloning of these 
CTLs are basically the same as described previously. When a CTL clone is 
generated against a synthetic peptide, it has to be tested for recognition of natu¬ 
rally processed peptides. This can be done either by transfection of cells with 
the appropriate HLA-type with a plasmid containing the antigen or by using 
autologous cells that are known to express the antigen. These cells are tested in 
standard T-cell recognition assays as previously described in this chapter. Peptides 
that can induce specific CTLs in vitro that also recognize naturally processed 
peptide can be used for vaccination studies in FILA-transgenic mice. Immuno- 
genicity can be tested by determination of the specific T-cell precursor fre¬ 
quency, or in a later phase by challenging the vaccinated mice with a tumor 
expressing the antigen harboring the peptide. For the identification of the 
MAGE-A2 112 _i2o and MAGE-A2 157 _ 166 peptides, splenocytes derived from 
vaccinated F1LA-A*0201/K b mice were restimulated with peptide-loaded 
lymphoblasts for 1 wk. Then these cells were tested for cytotoxicity in a 
51 Cr-release assay (60). The tumor model is much more difficult to establish 
and is not yet available for human melanoma. Therefore, studies in FILA- 
transgenic mice have determined only in vivo induction of a CTL response. 

3. Protocol for Reverse Immunology 
to Identify New Melanoma Antigens 

3.1. Materials 

3.1.1. Selecting the Peptides 

1. Protein sequence 

3. 1 . 2 . Peptide Binding Assay on T2-Cells 

1. IMDM (BioWhittaker, Walkersville, MD) with 10% fetal calf serum (FCS) 
(HyClone, Logan, UT), L-glutamin, kanamycin, and 2-mercaptoethanol. 

2. IMDM as described in item 1, but without FCS. 

3. 174CEM.T2 (T2) cells (ATCCno. CRL-1992). 

4. 96-Well flat- or U-bottomed cell culture plates. 

5. Synthetic melanoma antigen-derived peptides, selected by HLA-binding motif 
(2 mg/mL). 


Melanoma-Derived Antigens 


51 


6. |3 2 -Microglobulin (Biodesign, Kennebunk, ME). 

7. Phosphate-buffered saline (PBS) with 0.5% bovine serum albumin (BSA). Store 
at 4°C. 

8. Antibodies: BB7.2 (anti-HLA-A*02) and goat-anti-Mouse fluorescein isothio- 
cyanate-y [FITC-y] (Roche, Indianapolis, IN). Store stocks at -80°C. 

9. Ice. 

10. Propidium iodide (200 pg/mL). 

11. FACstar. 

3.1.3. In Vitro Immunization Assay 

1. RPMI-1640 (BioWhittaker) containing 5% human AB-serum (HS) (Sigma, St. 
Louis, MO), Dulbecco’s modified Eagle medium, (Life Technologies, Grand 
Island, NY), nonessential amino acids (1:100), 10 m M pyruvic acid, L-glutamin, 
and kanamycin. 

2. PBS (1% HS) and PBS (1% BSA). 

3. Cell culture: 75-cm 2 flasks, 6- and 48-well plates. 

4. Cytokines: rhIL-2, rhIL-4, rhIL-7, hIL-10, and GM-CSF. 

5. Filters (0.25 and 0.45 pm). 

6. SACS: Pansorbin cells (Calbiochem, San Diego, CA) (minimal binding capac¬ 
ity: 2 mg/mL, 10% solution). 

7. PBLs from a healthy HLA-A*0201 + donor collected by leukapheresis. 

8. M-450 CD8 Dynabeads (Dynal, Oslo, Norway). 

9. Detachabead antibody for dynabeads M-450 CD4 and CD8 (Dynal). 

10. Magnetic particle concentrator-1 (MCP-1) (Dynal). 

11. Titer plate shaker. 

12. |3 2 -Microglobulin (Biodesign). 

13. Synthetic melanoma-derived peptides, which were positive in the MHC-binding 
assay. 

14. Cell irradiation equipment. 

3.1.4. Cytotoxicity Assays 

1 . Medium as described in Subheading 3.2.3. 

2. JY cells (HLA-A*0201 + ). 

3. K562 cells (NK sensitive; ATCC no. CCL-243). 

4. Cells expressing autologous antigen. 

5. Synthetic peptides that were used for the in vitro generation of CTLs. 

6. 51 Cr radionuclide (NEN, Boston, MA). 

7. Triton X-100 (Sigma), 1% solution in medium. 

8. 96-Well U-bottomed plate. 

9. Microscint scintillation liquid (Packard, Meriden, CT). 

10. 96-Well OptiPlate scintillation filter (Packard). 

11. TopCount microplate scintillation and luminescence counter (Packard). 
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3.1.5. In Vivo Immunogenicity of Selected Peptides 
in HLA-A*0201/K b Transgenic Mice 

1. HLA-A*0201/K b transgenic mice. 

2. Hank’s balanced salt solution (HBSS) (Sigma). 

3. HBV-core antigen-derived T-helper peptide (amino acids 127-140, sequence 
TPPAYRPPNAP1L), synthetic melanoma-derived peptides recognized in vitro 
by CTLs. 

4. Syringes (1 mL) with 25-gage needles. 

5. Incomplete Freund’s adjuvant (IFA, Difco). 

6. Lipopolysaccharide (LPS). 

7. Cell culture flasks (25 and 75 cm 2 ). 

8. Medium A: RPMI-1640 + L-glutamine; add 10% FCS, 0.2 u/W 2-mercaptoethanol, 
5 m M L-glutamine, and 100 IU/mL penicillin. 

9. Medium B: RPMI-1640 + HEPES and L-glutamine; add 2% FCS. 

10. Medium C: RPMI-1640 + HEPES and L-glutamine; add 10% FCS. 

11. JY cells. 

12. Equipment for 51 Cr-release assays ( see Subheading 3.2.4.). 

3.2. Methods 

3.2.1. Selecting Peptides 

To select peptides that bind HLA-A*0201, the protein sequence must be 
screened for 8-10 amino acid long peptides containing the binding motif for 
HLA-A*0201. Databases are available on the Internet, containing information 
on several MHC-binding motifs, where this can be done. We use the following 
Web sites: For Bioinformatics & Molecular Analysis Section HLA Peptide 
Binding Predictions <http://bimas.dcrt.nih.gov/cgi-bin/molbio/ken_parker_ 
comboform> or SYFPEITHI: Epitope prediction <http://134.2.96.221/scripts/ 
hlaserver.dll/EpPredict.htmx 

All the peptides predicted by the database or a selection are synthesized 
( see Note 1) and used in an HLA-A*0201 peptide binding assay ( see Sub¬ 
heading 3.2.2.). 

3.2.2. Peptide Binding Assay on T2-Cells (see Note 2) 

1. Grow the T2-cells in IMDM (10% FCS). 

2. Wash the cells with serum-free IMDM (centrifuge at 400g for 4 min). Count the 
cells and adjust to 2 x 10 6 cells/mL in serum-free IMDM. 

3. Add (32-microglobulin from the stock solution at a concentration of 10 ug/mL to 
the cell suspension. 

4. Transfer 80 pL of the cell suspension to a well of a 96-well culture plate (flat- or 
U-bottomed). 


Melanoma-Derived Antigens 


53 


5. Add peptide solution to each well, with a final concentration of 100 pg/mL. Use 
as a positive control a known HLA-A*0201-binding peptide and as a negative 
control an irrelevant nonbinding peptide. 

6. Incubate the plate with T2-cells and peptides for 16 h at 37°C. 

7. Centrifuge at 1500 rpm for 4 min, remove the supernatant, and wash each well 
twice with 100 pL PBS (0.5% BSA). Centrifuge between steps at 350g for 1 min. 

8. To detect BB7.2 binding, add per well 50 pL of MAb BB7.2 (anti-HLA-A*02) 
and incubate for 30 min on ice. 

9. Wash twice with 100 pL of PBS (0.5% BSA). 

10. Add per well 50 pL of FITC-y labeled goat-anti-Mouse antibody and incubate for 
30 min on ice. 

11. Wash the cells twice with 100 pL of PBS (0.5% BSA). 

12. Dissolve the cells in 100 pL of PBS (0.5% BSA), add 5 pL of propidium iodide 
(200 pg/mL), and analyze immediately by flow cytometry for HLA-A*0201 on 
the surface of the cells. 

3.2.3. In Vitro Immunization Assay (see Note 3) 

3.2.3.1 . Generation of Dendritic Cells 

1. Thaw PBLs in 10 mL of RPMI (5% HS). 

2. Transfer the cell suspension (1 x 10 7 cells/3 mL of RPMI [5% HS]) to a 6 well- 
plate (3 mL/well) or in a 75-cm 2 culture flask (15 mL/flask) and incubate for 2 h 
at 37°C. Shake gently ( see Note 4). 

3. Remove the supernatant and refreeze nonadherent cells for CD8 + T-cell purifica¬ 
tion ( see Subheading 3.2.3.3.)- 

4. Wash adherent cells twice with RPMI (5% HS) and check under the microscope 
whether nonadherent cells are still remaining. In this case repeat washing steps. 

5. Incubate with 3 mL/well (for the 6-well plate) or 15 mL (for the flask) of RPMI 
(5% HS) plus 1000 U/mL of IL-4 and 800 U/mL of GM-CSF at 37°C. 

6. Every other day centrifuge for 5 min at 350g, take off half the supernatant from 
the culture, and resuspend the cell pellet in fresh medium containing 1000 U/mL 
of IL-4 and 1600 U/mL of GM-CSF. 

7. On d 7, replace the medium with fresh medium containing 500 U/mL of IL-4, 
800 U/mL of GM-CSF, and 25% conditioned medium ( see Subheading 3.2.3.2.). 

8. On d 10, the cells can be used for the in vitro immunization procedure (see Note 5). 

3.2.3.2. Conditioned Medium for Generation of Dendritic Cells 

1. Thaw PBLs and incubate 10 x 10 7 cells in 15 mL of medium (RPMI-1640 + 5% 
HS) in a 75-cm 2 flask for 1 h at 37°C. 

2. Remove the supernatant and wash away the nonadherent cells. 

3. Add fresh medium containing SACS at a dilution of 1:10,000. 

4. Incubate for 24 h at 37°C. 

5. Remove the supernatant and centrifuge for 15 min at 2500g. 
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6. Sterilize the supernatant through a 0.45-pm filter and subsequently through a 
0.2-pm filter. Store 1-mL aliquots at -20°C. 

3.2.3.3. Purification of CD8 + T-Cells from PBLs (see Note 6) 

1. Thaw PBLs in 10 mL of RPMI (5% HS). 

2. Transfer the cells (1 x 10 7 cells/3 mL of medium) to a 6-well plate (3 mL/well) or 
to a 75-cm 2 culture flask (15 mL), and incubate for 2 h at 37°C. 

3. Shake gently, remove the supernatant, and centrifuge at 400g for 4 min. 

4. Resuspend nonadherent cells at 2 x 10 7 cells/mL in PBS (1% HS). 

5. Wash dynabeads (anti-CD8) three times with 10 mL of PBS (1% HS) on ice. 

6. Add 140-pL beads/mL of cells in a 15-mL tube and incubate on ice for 1 h, 
periodically mixing (not too much or the bead-cell interactions will be disrupted). 

7. Select the beads on a magnet in the MCP-1. 

8. Wash the beads three times with 10 mL of PBS (1% HS). 

9. Centrifuge and dissolve the pellet in 10 x 10 7 cells/mL in PBS (1% HS) accord¬ 
ing to the original cell number from step 2. 

10. Add 100 pL/mL of detachabead reagent and incubate at room temperature for 1 h 
with continuous mixing. 

11. Select the beads on the magnet and save the supernatant (which contains the 
CD8 + cells). 

12. Centrifuge the cells down at 400g for 4 min. 

13. Count the cells. 

3.2.3.4. In Vitro Immunization Assay 

1. Collect dendritic cells (DCs) from Subheading 3.2.3.1., wash with PBS 
(1% HS), and centrifuge at 350g for 4 min. 

2. Resuspend at 1 to 2 x 10 6 cells/mL in PBS (1% BSA). 

3. Incubate with peptides at 40 ug/mL in the presence of 3 pg/mL of 
(L-microglobulin for 4 h at room temperature. 

4. Irradiate with 50 gy. 

5. Wash, centrifuge at 1200 rpm for 4 min, count, and distribute into 48-well plates 
at 2.5 x 10 4 cells/well in 200 pL of medium. Use one 48-well plate for each 
different peptide. 

6. Add 5 x 10 5 CD8 + T-cells per well in 200 pL of medium. 

7. Incubate at 37°C. 

8. After 24 h add IL-10 to a final concentration of 10 ng/mL and incubate for 6 d at 
37°C. 

3.2.3.4.1. Restimulation of Cultures at d 7 

1. Thaw PBLs from the same donor and irradiate with 50 gy. 

2. Plate 300 pL of medium with 2 x 10 6 PBLs/mL per well in a 48-well plate and 
incubate at 37°C for 2 h. 

3. Wash the wells three times with 200 pL of medium (slightly tapping each time, 
resuspending medium in the wells) to remove nonadherent cells. Check under the 
microscope. 
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4. Incubate adherent cells with 100 pL/well of medium without serum containing 
10 pg/mL of peptide and 3 pg/mL of |3 2 -microglobulin for 2 h at room temperature. 

5. Remove the peptide solution and wash once with PBS (1% HS). 

6. Remove 150 pL of the supernatant from the wells of the primary culture (see 

Subheading 3.2.3.4., step 8). 

7. Add new medium and transfer the cells from every well to a new well with pep- 
tide-loaded autologous adherent cells (see steps 1-5), without pooling cells from 
different wells. 

8. Add medium to an approximate total volume of 300-400 pL. 

9. After incubating for 24 h at 37°C, add IL-10 to a final concentration of 10 ng/mL. 

10. Incubate for another 24 h at 37°C and add IL-2 to a final concentration of 50 U/mL. 

11. Incubate for 48 h at 37°C and add IL-2 to a final concentration of 50 U/mL. 

12. Incubate for another 48 h at 37°C. 

13. Repeat this restimulation on d 14. 

3.2.3A.2. Restimulation of Cultures at d 21 

1. Remove the supernatant ond21 (150-175 pL) so that approx 225 pL of medium 
is left per well. Transfer directly 75 pL from each well two times (see Note 6) to 
a 96-well plate for the cytotoxicity assay described in Subheading 3.2.4. (75 pL 
for wells with peptide-pulsed targets and 75 pL for wells with nonpulsed tar¬ 
gets). Seventy-five microliters remains in the culture for expansion. 

2. To the remaining cells, add medium containing 20 U/mL of IL-2. Proceed with 
restimulation and expansion within 48 h. 

3.2.4. Cytotoxicity Assays 

3.2.4.1. Cytotoxicity of CTLs Against Synthetic Peptide-Pulsed Target 

1. Spin down the JY cells, take off the supernatant, and resuspend 0.5 to 1.0 x 10 6 
cells in a 1.5-mL Eppendorf tube containing a 100-pCi 51 Cr solution and incu¬ 
bate for 1 h at 37°C. 

2. Wash three times with medium and centrifuge for 1 min at 400,g in a tabletop 
centrifuge. 

3. Pulse 5I Cr-labeled JY cells in medium with 10 pg/mL of synthetic peptide for 
30 min at room temperature and wash the cells (see step 2). 

4. Add to each well of the 96-well plate from the in vitro immunization (see Sub¬ 
heading 3.2.3.4.2., step 1) 2 x 10 3 labeled target cells and 2 x 10 5 unlabeled 
K562 cells (for labeling eventual NK activity, see Note 7) in 75 pL. The total 
volume is now 150 pL. 

5. Use for maximum release 5 'Cr-labeled JY cells in medium with 1% Triton X- 100 
and for spontaneous release 5 'Cr-labeled JY cells in medium. 

6. Spin the plate down for 3 min at 300g. 

7. Incubate at 37°C for 4 h. 

8. Harvest 50 pL of supernatant and transfer to a scintillation filter. 
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9. Count chromium release with a gamma counter. 

10. Specific lysis can be determined by the following equation: 

[(cpm sample - cpm spontaneous release)/ 100C 

(cpm maximum release - cpm spontaneous release)] 

11. CTLs that show a specific lysis >10% are supposed to be peptide specific and can 
be used for the next step. 

3.2.4.2. Cytotoxicity of CTLs Against Targets Expressing 
the Endogenous Antigen 

Here we follow the same protocol as described in Subheading 3.2.4., but as 
targets autologous cells that express the antigen endogenously are used, e.g., a 
melanoma cell line or a cell line transfected with a plasmid containing the gene 
coding for the antigen. 

3.2.5. In Vivo Immunogenicity of Selected Peptides 
in HLA-A*0201/K b Transgenic Mice (see Note 9 ) 

1. Mix and emulsify for 10 min on ice with a homogenizer (highest speed) 100 pg 
of synthetic peptide and 140 pg of HBV-core peptide in 100 pL of HBSS at a 
ratio of 1:1 with IFA. 

2. Inject 200 pL of the peptide emulsion subcutaneously in the direction of the base 
of the tail of groups of at least two HLA-A*0201/K b transgenic mice. IFA samples 
should be prepared at two times the amount needed for the injection, because 
considerable amounts are lost during emulsification and syringe loading. Mice 
are immunized at d 0 and boosted at d 14 with a fresh emulsion. 

3. Prepare LPS blasts as follows. Isolate splenocytes of A*0201/K b transgenic mice 
72 h prior to use as stimulator cells. Pool the cells of several mice and resuspend 
in medium A containing LPS at 25 pg/mL and dextran sulfate at 7 pg/mL. 
Splenocytes from one spleen serve as stimulator cells for CTL cultures of two mice. 
Prepare cultures with 1.5 x 10 6 blast splenocytes/mL in a total volume of 30 mL 
of medium and incubate for 72 h at 37°C in vertical, standing 75-cm 2 flasks. 

4. After 72 h, collect the blasts and centrifuge (400g for 4 min). 

5. Resuspend the cells in medium B, select viable cells by a 100% Ficoll-gradient, 
adjust to 5 x 10 6 cells/mL, and irradiate with 25 gy. Wash the irradiated cells with 
medium C and adjust to 4 x 10 7 cells/mL in medium B. 

6. Incubate 1-mL aliquots of the LPS blasts in medium B with 100 pg/mL of syn¬ 
thetic peptide for 1 h at 37°C on a shaker. 

7. Wash the cells once and resuspend at 1 x 10 7 in medium A. 

8. After in vivo priming for 28 d, sacrifice the mice and isolate the splenocytes. 
Incubate the splenocytes (30 x 10 6 cells/9 mL in 25-cm 2 flasks) in the presence of 
syngeneic peptide-loaded LPS blasts ( see step 6) functioning as stimulator cells. 
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9. Add 1 mL of the LPS blast suspension to the 9-mL responder splenocyte suspen¬ 
sion at an effector: stimulator ratio of 3 :1. 

10. Incubate for 6 d at 37°C. 

11. For cytotoxicity assay, 1 d prior to the assay split the culture of the target cells to 
ensure an exponential growth phase for 51 Cr labeling. Use HLA-A*0201-expressing 
cells as targets. 

12. Harvest the splenocytes from the restimulation culture and transfer them to 
15-mL tubes. Centrifuge at 400g for 4 min. Resuspend the pellet in 1 mL of 
medium C and count the cells. Test these bulk cultures at effector: target ratios 
of 100, 50, 25, and 12.5. Add 100 pL of the splenocytes to each well of a 
U-bottomed 96-well plate. 

13. Label JY cells with 51 Cr and load with peptide as described previously (see 
Subheading 3.2.4.). Add 100 uL of the target cells to the 96-well plate with 
the restimulated splenocytes. Controls are the same as described in Sub¬ 
heading 3.2.4. 

14. Spin the plates for 3 min at 350g. 

15. Incubate for 6 h at 37°C, 5% C0 2 . 

16. Harvest 100 iiL of supernatant from each well and count the 51 Cr release with a 
gamma counter. Calculate specific lysis as described in Subheading 3.2.4. 

4. Notes 

1. How many peptides should be synthesized depends on how much you wish to 
invest in the identification of new antigenic peptides. Usually, when several bind¬ 
ing peptides are found by the database search, a limitation is made in the number 
of peptides. A selection of only the peptides with the highest affinity from the 
search results does not necessarily include all the peptides that are immunogenic. 
Therefore, peptides with less affinity also can be chosen. Another method of 
selecting peptides is to choose peptides derived from a region in the protein that 
is important for the protein function or for transformation of the cell, which are 
less likely to mutate. 

2. T2 (HLA-A*0201 + )-cells have a deficiency in the TAP genes and are therefore 
unable to transport peptides from the cytoplasm to the ER. The mostly empty 
MHC-I molecules are normally transported to the cell surface but are unstable. A 
peptide is considered a binding peptide when the fluorescence index is >0.5. The 
fluorescence index is calculated as the mean fluorescence of each peptide sub¬ 
tracted and divided by the mean fluorescence of a nonbinding peptide as back¬ 
ground control. The T2 binding assay only can be used for HLA-A*0201 binding 
peptides. For other HLA haplotypes, methods such as the quantitative peptide- 
MHC-binding assay for HLA molecules using purified class I molecules ( 54 ) or 
competition with a known fluorescent labeled binding peptide for the particular 
HLA haplotype must be used ( 111 ). 

3. Use PBLs from the same donor for generating DCs and CD8 + T-cells. It is neces¬ 
sary to collect leukocytes by leukapheresis, because large numbers of cells must 
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be used in this assay. Usually 6 to 10 x 10 7 PBLs can be obtained from one donor. 
Only peptides that showed moderate to high binding affinity in the binding assay 
are tested for in vitro generation of CTLs. Again, how many peptides will be 
tested depends on how much effort and money you wish to put in the identification. 

4. Do this carefully, because the DCs are slightly adherent and will come loose 
when shaken too hard. 

5. It is important that mature DCs be used for the in vitro immunization. 

6. PBLs from the same donor or the nonadherent cells mentioned in Subheading 
3.2.3. 1. should be used for the purification of CD8 + T-cells. 

7. Just transfer 75 pL without taking the effector: target ratio into account. 

8. Instead of K562, also YAC-1 cells (ATCC no. TIB-160) can be used for testing 
NK activity. 

9. There are two different ways to test the in vivo immunogenicity of peptides. One 
is the induction of an in vivo immune response by injection of peptide and 
restimulation of splenocytes of immunized mice in vitro test the precursor fre¬ 
quency of specific T-cells. This method is described here. Another, but more 
difficult method, is the use of a tumor model. Establishing a tumor model for a 
specific antigen is difficult, and it takes much testing before an antigen-expressing 
tumor with the appropriate growth features in the HLA-transgenic mice is avail¬ 
able. Once a tumor model is established, it can be used for testing in vivo immu¬ 
nogenicity of a peptide by challenging the mice with tumor cells 2 wk after 
immunization with the peptide and by subsequent monitoring of tumor development. 
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Experimental Induction of Human Atypical 
Melanocytic Lesions and Melanoma 
in Ultraviolet-Irradiated Human Skin Grafted 
to Immunodeficient Mice 

Carola Berking and Meenhard Herlyn 


1. Introduction 

The development of melanoma and its precursor lesions has been associated 
with intense intermittent sun exposure and the deleterious effects of ultraviolet 
(UV) light ( 1 ). This is supported by epidemiologic data as well as several ani¬ 
mal models in which melanoma could be induced or promoted by UV irradia¬ 
tion (Table 1). It remains to be elucidated what changes UV light induces in 
the human pigment cells at the molecular level that trigger malignant transfor¬ 
mation. Experimental animal models established to date have helped us to 
understand the etiology and pathobiology of melanoma, but they do not neces¬ 
sarily mirror the biology of human melanoma development. The skin morphol¬ 
ogy in animals differs substantially from that in humans, and melanocytes show 
a different distribution pattern. In mice, melanocytes are mainly located in the 
hair follicles, whereas in humans, melanocytes are found epidermally at the 
basement membrane zone. The number of cell layers of the epidermis is, for 
the most part, markedly less in mice than in humans (Fig. 1). 

Using immunodeficient laboratory animals, it has become possible to graft 
human skin without inducing a host-vs-graft response and to subsequently use 
this skin for experimental in vivo studies. The first grafts were done in the 1970s 
with athymic nude mice ( 15 , 16 ). More recently, mouse strains with genetic 
immunodefects such as severe combined immunodeficiency (SCID) ( 17 , 18 ) 
and recombinase activating gene-1 (RAG-1) mutant mice ( 19 ) have been used 
for grafting human skin ( 20 - 28 ). Their inability to produce functional T- and 
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Table 1 

Animal Models for Melanoma 3 


Species 

Model 

Induction 

Reference 

Mouse 

Transgenic 

Tyrosinase promoter fused 
to the simian virus 40 early 
region oncogenic sequences 

2 

Mouse 

Transgenic 

Metallothionein fused to 
transmembrane tyrosine 
kinase oncogene ret 

3 

Mouse 

Transgenic 

Metallothionein fused 
to hepatocyte growth 
factor/scatter factor 

4 

Mouse 

Transgenic 

Tyrosinase promoter for 
H-RAS on an INK4a-null 
background 

5 

Mouse 

Transgenic 

Active DNA clones 
(Clone B) 

6 

Fish genus 

Hybrid with a 

Spontaneous, UV 

7 

Xiphophorus 

dominant oncogene 

light 


South American 

opossum genus 

Monodelphis 

domestica 

UV radiation- 

induced 

mutagenesis 

UV light 

8 

Sinclair swine 

Genetic inheritance 

Spontaneous 

9 

Syrian hamster 

Genetic inheritance 

Spontaneous, 

DMBA 

10 

Mouse 

Chemically induced 

DMBA 

11 

Guinea pig 

Chemically induced 

DMBA 

12 

Human/mouse 

Human melanoma 
xenograft 

Transplantation of 
human melanomas to 

immunodeficient mice 

13 

Mouse 

Murine melanoma 
allograft 

Transplantation of 
murine melanoma 
cell lines (B16, 

Cloudman S91, 

Harding Passey, K- 
1735) to mice 


Human/mouse 

Human skin 
xenograft 

Transplantation of 
human skin to 

immunodeficient 
mice, topical DMBA 
application and 

UVB irradiation 

14 


"DMBA, 9,10-dimethyl-2,2-benzanthracene; UV, ultraviolet. 
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Fig. 1. Histologic section of normal mouse (left) and human (right) skin from the 
trunk (hematoxylin and eosin [H&E] stain, x400). There are many hair follicles in 
the murine dermis, and the epidermis is composed of only two cell layers as opposed 
to the multilayered human epidermis. 


B-cells leads to the absence of immunoglobulin production. However, mac¬ 
rophages and natural killer cell activities are unimpaired, enabling a nonspe¬ 
cific host defense. Table 2 lists the characteristics of nude, SCID, and RAG-1 
mice. The type of hair and pigmentation of the various background strains are 
important for UV irradiation studies, because mice of albino background or 
nude mice are less protected from the development of murine tumors and cata¬ 
racts than mice with pigmentation and hair ( 14 , 29 , 30 ). 

The skin to be grafted can be derived from different sources. Foreskins are 
commonly available from circumcisions of newborns. Breast, abdominal, 
facial, and eyelid skin from adults can be obtained from plastic surgery. Skin 
adjacent to skin lesions can be derived from wide surgical excisions, and fetal 
skin is obtained from aborts. Human skin equivalents generated as three- 
dimensional, organotypic cultures in vitro also can be grafted to immunodefi- 
cient mice ( 31 , 32 ). The advantage of skin substitutes is that they can be engineered 
in numerous copies with identical genetic and biologic features, which facili¬ 
tates standardization of experiments and avoids the interindividual variability 
seen in human skin. On the other hand, skin substitutes only contain a portion 
of all the different cell types and extracellular matrix components that form the 
human skin. 

The quality of the grafts is influenced by the donor’s age; pigmentation type; 
medical, occupational, and recreational history; and body site from which they 
are taken. Table 3 summarizes the main differences between neonatal foreskin 
and adult skin specimens. The high engraftment rates for foreskins is most 
likely owing to rich vascularization, the thin skin, and the donor’s age. Typical 
features of foreskin grafts are a wrinkled skin surface (Fig. 2) and smooth 
muscle bundles in the dermis. Adult skin has been grafted as split-thickness 
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Table 2 

Comparison of Immunodeficient Mice Used for Grafting Experiments 



Nude mouse 

SCID mouse 

RAG-1 mouse 

First description 

1966 

1983 

1992 

Genetic defect 

Homozygous for the 

Homozygous for the 

Homozygous for 


nude mutation on 

SCID mutation on 

a mutation in 


chromosome 11 

chromosome 16 

RAG-1 

V(D)J recombination 

Intact 

Defect 

Defect 

T-lymphocytes 

Deficient 

Deficient 

Deficient 

B-lymphocytes 

Abortive 

Deficient, but 
frequent leakage 

Deficient 

Immunoglobulin 

production 

Low IgM 

None, but frequent 
leakage 

None 

Macrophages 

Activity increased 

Unimpaired 

Unimpaired 

Natural killer cells 

Activity increased 

Unimpaired 

Unimpaired 

Granulocytes 

Unimpaired 

Unimpaired 

Unimpaired 

Megakaryocytes 

Unimpaired 

Unimpaired 

Unimpaired 

Erythrocytes 

Unimpaired 

Unimpaired 

Unimpaired 

Thymus 

Aplastic 

Hypoplastic 

Hypoplastic 

DNA repair 

No known defect 

Double-strand break 
repair defect 

No known defect 

Availability 

Inbred strains 

Different congenic 

Different congenic 


(Balb/c, C57BL/6) 

backgrounds 

backgrounds 


and hybrids (B6cBy, 

including C3H, 

including B6, 


cByB6) between the 
two strains 

C57BL/6, NOD/L, 
Balb/c 

C57BL/6 

Pelage 

Hairless 

Normal 

Normal 


( 26 , 27 ) or full-thickness skin ( 22 , 24 , 28 ). Split-thickness skin can show higher 
take rates than full-thickness skin, because it is less prone to dry out during the 
first critical weeks of engraftment. However, fewer human dermal structures 
including hair follicles and sebaceous glands will survive in split-thickness 
skin. 

Figure 3 shows an example of an abdominal skin graft. Histologically epi¬ 
dermis and upper dermis resemble the human morphology in vivo (Fig. 4). 

For optimal engraftment results, the skin specimens are surgically trimmed 
before grafting to remove excess fat and fibrous tissue. A favorable anatomic 
site of the graft on the mouse was found to be just above and behind the shoul¬ 
der, leaving the well-vascularized panniculus carnosus muscle intact. 

In this chapter, we describe in detail the technique of grafting human neona¬ 
tal foreskin and full-thickness adult skin to SCID mice. The surgical procedure 
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Table 3 

Characteristics of Human Skin for Grafting 


Parameter 

Foreskin from newborns 

Skin from adults 

Availability 

Local hospitals, private 
practice 

Specialized centers 

Specimen size 

Small 

Large 

Exposure to sunlight 

No 

Yes 

External irritation 

(chemicals, cosmetics, etc.) 

No 

Yes 

Tanning ability 

Unknown 

Known 

Medical history 

Unknown 

Known 

Engraftment rates 

90% 

70-90% 


for the well-vascularized and elastic foreskins from newborns differs slightly 
from that for normal adult skin, as described in Subheading 3.2., step 9. 

For the induction of melanocytic lesions, skin from donors with fair skin, 
which easily sunburns and freckles (i.e., skin phototype I and II [Fitzpatrick]) 
and from high-risk melanoma patients is recommended. The induction is per¬ 
formed by a single topical application of 9,10-dimethyl-1,2-benzanthracene 
(DMBA) and subsequent UVB irradiations at regular intervals ( 14 ). 

2. Materials 

2. 1. Skin Preparation 

All materials are sterile. Surgical instruments are made of stainless steel and 
autoclavable. 

1. Human foreskins from newborns (1 to 2 cm 1 2 3 4 5 6 7 8 9 10 ) or human adult skin from trunk, 
extremities, scalp, or face (see Notes 1 and 2). 

2. Transport and storage medium: Hank’s balanced salt solution (HBSS) or RPMI- 
1640 (Gibco, Gaithersburg, MD) supplemented with 0.1 mg/mL of gentamycin 
(Mediatech, Herndon, VA) and 0.02 mg/mL of penicillin-streptomycin 
(Mediatech). Store refrigerated at 4°C; stable for 3 mo. 

3. Petri dishes (100 x 15 mm) (Fisher, Pittsburgh, PA). 

4. Tissue forceps (Roboz, Rockville, MD). 

5. Straight operating scissors and curved microdissecting scissors (Roboz). 

6. Scalpel handle (no. 4) (Martin, Germany). 

7. Surgical blades (single use, no. 22) (Feather, Japan). 

8. 70% Ethanol. 

9. Phosphate-buffered saline (PBS). 

10. Plastic tubes (50 mL) (Falcon, Fisher Scientific). 
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Fig. 2. Well-healed human foreskin from a newborn donor 4 wk after grafting to a 
SC1D mouse. Note the typical wrinkled appearance. 



Fig. 3. Well-healed human abdominal skin from an adult donor 7 wk after grafting 
to a SCID mouse. 


2.2. Animal Surgery 

Mice are housed in groups in autoclavable filter-topped cages with sterile 
bedding, water bottles, and chow (see Note 9). All procedures with the animals 
are performed in a biologic laminar flow safety cabinet with a sterile drape. 
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Fig. 4. Histologic section of human breast skin from an adult donor before (left) 
and 6 wk after (right) grafting to a SCID mouse (H&E, x200). 


1. C.B-17 SCID mice, both sexes, 6 wk of age or older (Jackson, Bar Harbor, ME) 

(see Note 10). 

2. Anesthesia: 20 mg/mL of xylazine, injectable; and 100 mg/mL of ketamine (both 
Phoenix Pharmaceutical, St. Joseph, MI). Dilute 3.65 mL of ketamine and 0.54 mL 
of xylazine in 5.8 mL of sterile PBS. Store and inject at room temperature. 

3. Insulin syringes (1 cc, single use, 28-g needle, 0.5 in.) (Becton Dickinson, 
Franklin Lakes, NJ). 

4. Electric clipper (A5, blade size 40) (Oster, Milwaukee, WI). 

5. 70% Isopropyl alcohol swabs (Becton Dickinson). 

6. Sterile gloves (Baxter, CA). 

7. Petri dish (100 x 15 mm) (Fisher). 

8. Scissors (microdissecting, straight, sharp S-114, S-136) (Delasco, Council 
Bluffs, IA). 

9. Microdissecting forceps (straight and slightly curved, tip width 0.5-0.8 mm) 
(Roboz). 

10. Needle holder (Delasco). 

11. Polyviolene nonabsorbable surgical suture (6/0, C-22 cutting) (Look, Boston, MA) 

(see Note 6). 

12. Sponges (7.5 x 7.5 cm, sterile) (Versalon; Kendall, Cincinnati, OH). 

13. Nonadhering dressing (7.6 x 7.6 cm, sterile) (Adaptic; Johnson&Johnson, 
Arlington, TX) (see Note 7). 

14. Surgical tape (1.25 cm x 9.1 m) (Durapore; 3M Health Care, St. Paul, MN). 

15. Bandage scissors (Roboz). 

2.3. Chemicals 

1. 9,10-Dimethyl-1,2-benzanthracene (DMBA) (approx. 95%, carcinogenic) 
(Sigma, St. Louis, MO). 

2. Acetone (>99.5%) (Fisher): Add 10 mL of acetone to 100 mg of DMBA into the 
manufacturer’s bottle and store light-protected at -20°C until use. Dilute stock 
1:10 in acetone for use. 
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2.4. UV Irradiation Equipment 

1. UVB/UVA lamp: UVA-340 (300-400 nm, peak emission at 340 nm) (Q-Panel, 
Cleveland, OH). 

2. UVB lamp: FS72T12 (280-370 nm, peak emission at 313 nm) (Westinghouse 
lamps, Ultraviolet Resources, Athens, Cleveland, OH). 

3. Cellulose triacetate sheets (Kodacel TA407) (Eastman Kodak, Rochester, NY). 

4. Radiometer with UVA and UVB detectors (PMA 2100) (Solar Light, Philadel¬ 
phia, PA). 

3. Methods 

3.1. Skin Preparation 

All procedures are performed aseptically and all materials are sterile. Dis¬ 
secting instruments may be repeatedly sterilized by dipping in 70% ethanol 
and rinsed in sterile PBS. Alternatively, instruments may be dipped in 95% 
ethanol, burned in a gas flame, and cooled before contacting the tissue. Skin 
specimens are always kept humid. 

1. Store skin specimens in medium (HBSS or RPMI supplemented with antibiotics) 
at 4°C and transport on ice. Neonatal foreskins can be used up to 3 d and adult 
skin up to 1.5 d after excision from the donor. Optimum performance is achieved 
by using the specimens as fresh as possible. 

2. Place the specimen in a Petri dish and thoroughly trim off sc fat and excess 
fibrous tissue with scissors. 

3. Rinse the specimen in PBS and cut with a scalpel into square grafts of 1 to 2 x 1 
to 2 cm. 

4. Transfer the grafts into tubes containing transport medium (antibiotic supple¬ 
ment can be omitted), and keep on ice until surgery. 

3.2. Animal Surgery 

All care and use of animals is approved by The Wistar Institutional Animal 
Care and Use Committee. All procedures are performed with aseptic tech¬ 
niques, and all materials are sterile. 

1. Cover the inside of the biologic safety cabinet with a sterile drape. Place the 
surgical instruments and suture and bandage material on a sterile operating field. 

2. Place the grafts in a Petri dish slightly covered with medium at room temperature. 

3. Anesthetize a mouse by sc injection of 800-1200 uL of xylazine/ketamine mix¬ 
ture ( see Subheading 2.2., item 2). Put the mouse back into the cage and close the 
top. After 1-3 min verify complete anesthesia by negative response to toe pinch. 

4. Shave back and side hair close to the shoulders of the mouse with an electric 
clipper. Stretch the skin of the animal with hands to facilitate shaving without 
injury to the skin (see Note 5). 
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Fig. 5. Creation of a wound bed for the human skin graft above the shoulder of a 
SCID mouse. The mouse skin (lifted up with forceps in the Figure) is cut off, leaving 
the murine panniculus carnosus muscle intact. 


5. Cleanse the shaved area with 70% isopropanol swabs and place the animal on an 
operating field with the right flank facing the surgeon. 

6. Put on new sterile surgical gloves, grasp the graft with forceps, and trim it to a 
thickness of 1 to 2 mm with scissors by holding the graft in one hand. 

7. Estimate the size of the graft and choose an appropriate area for the wound bed 
on the mouse. The ideal localization is just behind or above the shoulders (see 
Note 3). 

8. For preparation of a wound bed, lift the skin with straight fine forceps parallel to 
the spine of the mouse and cut carefully along the lifted line. The incision into the 
dermis is performed as flat as possible to preserve the panniculus carnosus 
muscle. Parallel to the first incision at a distance of 0.5-2 cm depending on the 
graft’s size, make another incision of the same length. Then connect the parallel 
ends of both incisions by two further incisions. Grasp with fine forceps one cor¬ 
ner of the square formed by the incisions and carefully pull off the murine skin 
leaving the panniculus carnosus muscle intact by dissecting it from the dermis 
with the help of another pair of forceps (Fig. 5) (see Note 4). 

9. Place the graft epidermis onto the wound and secure it with single-type sutures to 
the wound margins at four to eight points (Fig. 6). Stretching of the graft by the 
sutures supports an even contact of its dermal side with the wound bed. Sutures are 
omitted when foreskins or very thin and well-vascularized adult skin (e.g., eye¬ 
lid) is grafted. Ideally, the graft size should exactly match the size of the wound bed. 
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Fig. 6. Human skin graft is placed on the wound bed of a SCID mouse. The skin 
graft is secured to the murine wound margins with sutures at the corners. 


3.3. Bandaging 

1. Cut the nonadhering dressing into a square and cover the graft and the wound 
edges. 

2. Cut the sponges into 2- to 2.5-cm-wide strips and cut the tape into 15- to 20-cm-long 
strips. Cover the graft with one end of a sponge and hold it in place by slightly 
pressing it against the animal with one hand. Then lift the mouse and wrap the 
other end of the sponge very tightly around the mouse. Hold the sponge in place 
by wrapping the tape several times very tightly around the mouse. 

3. Check whether the mouse is breathing normally and put it back into the cage (see 
Note 11). After 30 min to 1 h, the mouse will recover from the anesthesia. 

3.4. Dressing Control and Care 

1. Check daily whether the bandage is on and is not causing discomfort to the ani¬ 
mal. If it has come off or is too loose, replace it immediately (see Note 8); other¬ 
wise the graft will dry out and eventually be lost. 

2. After 1.5-2 wk anesthetize the mouse with a sc injection of 200-600 uL of the 
xylazine/ketamine mixture and remove the bandage with bandage scissors. 

3. Repeat the bandaging as described in Subheading 3.3. 

4. Remove the bandage completely 4 wk after grafting. 

5. Start experiments when the grafts look well healed. Foreskins are usually well 
healed after 4 wk, whereas adult skins require 5 to 6 wk. 
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3.5. Application of DM BA 

Measure the graft and calculate the total volume for topical application. For 
example, if a concentration of 15 pg/cm 2 is intended, apply 15 pL of the 
DMB A/acetone solution per lxl cm graft. Apply the solution extremely cau¬ 
tiously with a standard pipet under sterile conditions and try not to contaminate 
the mouse skin. Protect yourself accordingly, avoiding any skin, eye, or other 
direct contact with DMB A. 

3.6. UV Irradiation 

1. Let the UV bulbs bum 10-20 min before use and check the lamp’s UV output 
with the radiometer. 

2. Place the mice in appropriate cages under the UV lamps at a distance between 
20 and 100 cm. The irradiation field is more homogeneous when the distance is 
far. However, the farther the distance, the lower the light intensity of the lamp 
becomes, which requires a longer irradiation time to achieve the same UV dose 
as with a closer distance. 

3. Monitor the UV output with the radiometer during irradiation and note the cumu¬ 
lative dose and time. 

4. Notes 

1. Split-thickness skin generally results in higher engraftment rates and shorter heal¬ 
ing periods than full-thickness skin, particularly when thick and poorly vascular¬ 
ized skin, such as from the trunk, is used. Split-thickness skin can be obtained 
from the donor in vivo or ex vivo with the help of a dermatome. A dermatome is 
a surgical instrument with a blade that is pushed forward along the skin of the 
donor in order to harvest a graft of uniform thickness and size. Ex vivo the skin 
specimen can be stretched and held in place with needles on a sterile, covered 
styrofoam block. If preservation of human dermal structures such as appendages 
and vessels is intended, use full-thickness skin and trim off excess fat and fibrous 
tissue by hand. 

2. Take rates are highest for foreskins from newborns, followed by eyelid skin or 
skin from the face, which is thin and very well vascularized. Adult skin from any 
other part of the body is more difficult to graft and needs thorough surgical prepa¬ 
ration as described earlier. 

3. It is possible to graft two different skin specimens to the same mouse, e.g., on the 
left and on the right side behind the shoulders. This can be done at one surgery 
session or at a later time. 

4. Quality surgical instruments are essential for successful surgery. Only use sharp 
scissors and fine forceps. Operating scissors dull rapidly when used for cutting 
bandage material or paper. Scissors can be sharpened manually after each use 
with a scissors sharpener (Miltex™; Delasco, Council Bluffs, IA). 
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5. Instead of shaving the animal, hair can also be treated with a hair remover cream 
or lotion (Nair®, Carter, New York, NY). It is applied thickly onto the fur, and 
after 3-5 min, the hair and the cream can be wiped off with a wet cloth. 

6. Dark blue or black sutures are difficult to see when used on darkly pigmented 
mice. Suture material of brighter colors can be purchased instead. 

7. The use of self-adhesive transparent dressings, such as OpSite® or TegaDerm®, 
tends to create an air-impermeable sealing of the wound, which is not advanta¬ 
geous for successful engraftment. 

8. When replacing the bandage, use only about one third of the quantity of the anes¬ 
thetic used for the surgery to avoid overdose in the more sensitive and less toler¬ 
ant animals. 

9. Up to five mice of the same gender can be housed in one cage. Occasionally, 
males must be separated from each other to avoid serious injuries to themselves 
or damage to the grafts caused by fighting. Female mice are less fierce than their 
male counterparts and easier to handle. However, they are usually smaller, which 
limits the grafting area. 

10. Some young adult SCID mice can generate a few clones of functional B- and 
T-lymphocytes, which can impair their tolerance of heterologous tissue. Hence, 
at age 6 wk, screening for high IgM titers (>3.0 p,g/mL) by enzyme-linked 
immunosorbent assay before use is recommended. 

11. Anesthetized mice are separated from nonanesthetized mice until recovery to 
avoid possible injuries from biting. 
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Dissection of Immunosuppressive Effects 
of Ultraviolet Radiation 

Stephen E. Ullrich and David A. Schmitt 


1. Introduction 

For nearly 100 yr physicians and scientists have appreciated the carcino¬ 
genic potential of the ultraviolet (UV) radiation present in sunlight ( 1 , 2 ). Dur¬ 
ing the latter part of the twentieth century, immunologists and dermatologists 
realized that UV radiation suppressed the immune response ( 3 - 5 ). Moreover, 
the immune suppression induced by UV radiation is a major risk factor for the 
induction of nonmelanoma skin cancer ( 6 ). The association between non¬ 
melanoma skin cancer induction and immune suppression has fueled the 
efforts of many to study the immunologic mechanism underlying UV-induced 
immune suppression. This chapter focuses on describing the methods used to 
dissect the suppressive effects of UV on the immune system, concentrating 
particularly on in vivo models of immunity. 

Data indicating that UV exposure is immune suppressive was initially pro¬ 
vided by Kripke ( 4 ). In those experiments nonmelanoma skin tumors were 
induced by a chronic course of UV exposure. Unlike most murine tumors, the 
UV-induced nonmelanoma skin tumors failed to grow progressively when 
transplanted into normal syngeneic hosts. Progressive growth only occurred if 
the UV-induced skin cancers were transplanted into immune-compromised 
animals. This observation indicated that the UV-induced skin tumors were rec¬ 
ognized and rejected by the intact immune system of the normal syngeneic 
host and suggested that unlike most murine tumors, the skin cancers induced 
by UV radiation were highly antigenic. What was not readily apparent from 
these findings, however, was a mechanism to explain how the highly antigenic 
UV-induced skin tumors could escape immune rejection and develop in the 
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UV-irradiated host. Subsequent studies demonstrated that subcarcinogenic 
exposure to UV radiation caused the activation of CD3 + , CD4 + , CD8“ antigen- 
specific suppressor T-cells that suppressed the development of tumor immu¬ 
nity in the UV-irradiated autochthonous host (5,7,8). These studies relied on 
transferring suppressor T-cells from the UV-irradiated mice into normal syn¬ 
geneic recipients, where they presumably suppress the immune response of the 
recipient and permit the progressive growth of the antigenic tumors. Although 
quite informative, this approach is difficult owing to the large numbers of mice 
required; the chronic UV irradiation protocol needed to induce suppressor 
T-cells; and the end point of tumor growth in the recipient mice, which requires 
a 6- to 8-wk follow-up. Because of these problems, most investigators have 
used a surrogate model system—UV-induced suppression of delayed-in-time 
hypersensitivity reactions (contact and/or delayed-type hypersensitivity [DTH] 
reactions)—to dissect the mechanisms involved in UV-induced immune sup¬ 
pression. The advantages of this model system include suppression following 
a single exposure to UV radiation; immunization with well-known, well- 
characterized antigens; and end points (ear and/or footpad swelling) that are 
easily quantified, amenable to standard statistical analysis, and measured 
10-15 d after the initiation of the experiment. 

In this chapter, we describe the protocol for measuring the effects of UV 
radiation on the induction of DTH and contact hypersensitivity. We pay par¬ 
ticular attention to describing the methods and procedures that have been use¬ 
ful in dissecting the mechanisms through which UV exposure suppresses the 
immune response. 

2. Materials 

2.1. Mice 

Specific pathogen-free mice are obtained from the National Cancer Institute 
Frederick Cancer Research Facility Animal Production Area (Frederick, MD). 
Female C3H/HeN, Balb/c, or C57BL/6 mice, between 10 and 12 wk of age 
(weighing approx 20 g) are used. The animals are maintained in facilities 
approved by the Association for Assessment and Accreditation of Laboratory 
Care International, in accordance with current regulations of the US Depart¬ 
ment of Health and Human Services. The animal procedures described herein 
were all reviewed and approved by the Institutional Animal Care and Use Com¬ 
mittee. Within each experiment the mice are age and sex matched (see Note 1). 

2.2. Source of UV Radiation 

The mice are irradiated with a bank of six FS-40 sunlamps (National Bio¬ 
logical, Twinsberg, OH). These lamps emit a continuous spectrum from 270 to 
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390 nm, with a peak emission at 313 nm. Approximately 60% of the energy 
emitted by the FS-40 is within the UVB region of the solar spectrum. The 
irradiance of the source is measured by an IL-1700 research radiometer using 
an SEE 240 UVB detector equipped with an A127 quartz diffuser (Interna¬ 
tional Light, Newburyport, MA) (see Notes 2 and 3). 

2.3. Antigens and Haptens 

To immunize for DTH, allogeneic spleen cells are used. To sensitize for 
CHS, haptens such as 4-ethoxymethylene-2-phenyl-2-oxasolon-5-one or 
1,4-dinitroflurobenzene are purchased from Sigma (St. Louis, MO) and diluted 
in acetone. 

2.4. Antibodies and Biologic Reagents 

Recombinant interleukin-10 (IL-20), IL-12, and interferon-y, as well as the 
antibodies specific for these cytokines are purchased from PharMingen (San 
Diego, CA). On receipt the recombinant cytokines are aseptically dispensed 
into microcentrifuge tubes and held at -80°C. Once thawed, the tubes are held 
at 4°C until completely used. The antibodies are generally held at 4°C. Care is 
taken to avoid multiple freezing and thawing of any cytokine or antibody. 
Cocktails of cell surface antibodies used for negative and positive enrichment 
of cells by immunomagnetic selection are purchased from Stem Cell Tech¬ 
nologies (Vancouver, BC) and stored at 4°C. 

2.5. Miscellaneous Supplies 

Electric clippers (Oster model no. 01-331) equipped with a size 40 blade set 
can be purchased from Fisher (Houston, TX). Engineer’s micrometers are 
acquired from Mitutoyo (Tokyo, Japan). RPMI-1640 tissue culture medium is 
from Gibco (Grand Island, NY). Nembutal (sodium pentobarbital; 0.1 mL of a 
5 mg/mL solution 10 g of body weight) or 0.1 mL/10 g of body weight of a 
ready-to-use ketamine hydrochloride/xylazine hydrochloride solution is used 
to immobilize the mice (Research Biochemicals, Natick, MA). Guinea pig 
complement is purchased from Pel-Freeze (Rodgers, AK). Immunomagnetic 
beads and magnets are acquired from Dynal (Great Neck, NY) or from Stem 
Cell Technologies. 

3. Methods 

3.1. Suppression of DTH by UV Radiation 

Figure 1 illustrates the general scheme of the experimental protocol. The 
first step in the procedure is to shave the mice. Place the mouse on a cage top, 
hold the tail, and clip off the hair. Generally we shave from the midline of the 
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UV (10kJ/m2) 



Fig. 1. General scheme for inducing immune suppression following UV exposure. 


back to a point about halfway down the flank (Fig. 2A). Then place the mice 
are into standard-sized animal cages into which have been placed specially 
constructed Plexiglas dividers to prevent the animals from climbing on each 
other’s backs and interfering with the irradiation (Fig. 2B). Place the cages 
under the FS-40 bulbs and expose to UV radiation. We strongly suggest that a 
series of different irradiation times be used in the initial experiments to con¬ 
struct a dose response curve. 

Three to 5 d after exposure, immunize the mice with the antigen. To induce 
DTH, allogeneic spleen cells are used. For example, if the animals receiving 
the UV radiation are C3H/HeN, we prepare spleen cells from C57BL/6 or Balb/c 
mice. Kill the spleen cell donors, remove the spleens, and prepare single cell 
suspensions by gently pressing the spleens between two glass microscope 
slides. Collect the cells, resuspend in RPMI-1640 medium, wash, and count. 
Resuspend the cells at a concentration of 10 8 /mL and inject 0.25 mL of this 
suspension (sc injection) into each flank. 

Six days later challenge the mice with allogeneic spleen cells. The site of 
challenge is the footpad (Fig. 2C). Use Nembutal or ketamine/xylazine anes¬ 
thesia to immobilize the mice. Measure the baseline footpad thickness with the 
engineer’s micrometer and record the thickness. Prepare allogeneic spleen cells 
as described above. Resuspend the cells at a concentration of 2 x 10 8 /mL and 
using a 1-cc insulin syringe, inject both hind footpads with 50 pL of this cell 
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Fig. 2. Exposing mice to UV radiation and measuring ear and/or footpad swelling. (A) 
A mouse after removal of dorsal hair; (B) use of cage dividers to prevent cagemates from 
climbing on each other and interfering with UV exposure; (C) where ears are measured 
before and after challenge; (D) where footpads are measured before and after challenge. 


suspension. The next day (18-24 h later) immobilize the mouse with anesthe¬ 
sia, and remeasure the hind footpads. Record this number. The footpad swell¬ 
ing, which is a measure of the DTH reaction and is comparable to the wheal 
and flare reaction seen in humans, is determined by subtracting the initial baseline 
thickness from the value obtained after challenge (9) (see Notes 4 and 5). 

3.2. Suppression of CHS by UV Radiation 

Alternatively, one may choose to use CHS as the immunologic end point. This 
requires two modifications of the procedure described in Subheading 3.1. First, 
because the site of challenge, the ears, will be exposed to UV radiation during 
the first step, they must be protected. To do this, place a piece of electrical tape 
over the ears. The use of anesthesia, such as Nembutal or ketamine/xylazine 
may facilitate application of the tape. Second, the hapten must be applied 
directly to the skin rather than sc injection as described in Subheading 3.1. To 
accomplish this, first remove the abdominal hair with electric clippers. Then 
remove any remaining hair by shaving with a razor blade. Care must be taken 
to avoid abrading the skin at this stage because it may interfere with proper 





90 


Ullrich and Schmitt 


sensitization. Then apply the hapten with a micropipet, using the tip of the 
pipet to distribute the solution evenly over the skin. Because the hapten is 
diluted in acetone or ethanol containing vehicles, we suggest that the animal be 
shaved 1 d prior to sensitization to minimize the discomfort that may result 
from applying the solution to freshly shaved skin. 

Six days after sensitization, challenge the mice. Immobilize the animals with 
anesthesia, measure the ear thickness, and record the measurements (Fig. 2D). 
The next day (18-24 h later) immobilize the mouse with anesthesia, remeasure 
the ears, and record this number. The ear swelling, which is a measure of 
the CHS is determined by subtracting the initial baseline thickness from the 
value obtained after challenge (9) (see Notes 4 and 5). 

3.3. Adoptive Transfer of Immune Suppression 

The existence of suppressor cells is denoted based on function—the ability 
of these cells to suppress the induction of DTH/CHS when transferred into 
naive mice. A two-part procedure is used (Fig. 3). The first part of the proce¬ 
dure is described above: induction of immune suppression by UV exposure. To 
determine whether suppressor cells were induced in the UV-irradiated animal, 
an adoptive transfer procedure is used. Immediately after reading the challenge 
site, kill the mice and remove their spleens. Make a single cell suspension and 
wash the cells and resuspend in RPMI-1640 medium. Count the cells and 
adjust to 2 x 10 8 cells/mL. Insert 0.5 mL of this cell suspension into the tail 
veins of normal syngeneic age- and sex-matched recipient mice. Then immedi¬ 
ately immunize the recipients with antigen or paint with the contact allergen. 
Six days later, challenge the mice, and measure DTH/CHS 18-24 h later, as 
described above. Suppression of the induction of immunity in the recipient 
mice indicates the induction of suppressor cells in the irradiated donor mice 
(10). Specificity of suppression can be ascertained by immunizing the recipi¬ 
ent mice with an irrelevant antigen. For example, if the donor UV-irradiated 
C3H/HeN mice were immunized with Balb/c spleen cells, inject cells from 
these mice into two groups of syngeneic recipients. Immunize and challenge 
one group with the same antigen as the donor (Balb/c) and immunize and chal¬ 
lenge the other group with C57BL/6 spleen cells. If the suppressor cells are 
specific then only the response in the recipient mice immunized with the Balb/c 
spleen cells will be suppressed ( 11 ) (see Note 6). 

3.3.1. Depletion of Cell Subsets 

The nature of the cells that transfer immune suppression can be elucidated 
by several methods. We have regularly employed two: depletion of function by 
antibody-mediated complement lysis, or depletion of function by removing a 
cell population with antibody-coated magnetic beads. Depletion with antibody 
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Fig. 3. Scheme for determining the induction of suppressor T-cells. 


and complement is accomplished by the following procedure. First, lyse con¬ 
taminating erythrocytes with ammonium chloride (0.83% in 0.001 MTris-HCl, 
pH 7.2, 10 min at room temperature; wash the cells in RPMI-1640). Resuspend 
the cells at a concentration of 10 7 /mL in RPMI-1640 medium supplemented 
with 5% bovine serum albumin (BSA) and 10 pg/mL of monoclonal anti-CD3, 
or anti-CD4, or anti-CD8, and so on. Hold the cells at 4°C for 30 min to 1 h, 
and then wash and resuspend in medium containing guinea pig complement 
(1:8 dilution) for 1 h at 37°C. Next, wash, count, and inject the cells into the 
recipient animals (11). 

Alternatively, one may remove or enrich a population of cells by using 
antibody-coated magnetic beads. Lyse the erythrocytes and treat the cells with 
antibody (i.e., anti-CD3) as described above. After washing resuspend the cells 
in medium containing 1% BSA at a concentration of 1 to 2 x 10 7 /mL. Then add 
sheep antirat IgG-coated immunomagnetic beads to the cell suspension at a 
ratio of four beads per cell and incubate at 4°C for 30 min. CD3-positive cells 
attach to the beads and can be removed by passing the cells over a strong mag¬ 
net; the cells of interest are held up by the magnet, and all others pass through. 
The negative population can then be injected into the recipient mice and the 
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effect removing a specific population has on the transfer of immune suppres¬ 
sion is noted. However, the real advantage of using this technique to isolate a 
cell population is the ability to enrich for the cells of interest. The CD3-positive 
cells can be detached mechanically by vigorous pipeting and washing, cultur¬ 
ing overnight at 37°C, or using a new generation of beads (Dynal) in which the 
antibody is attached to the bead by a nucleic acid linker. Treating the cells with 
DNase digests the linker and liberates the cells from the magnetic bead ( 12 ) 
(see Note 7). 

3.4. Determination of Tolerance Induction 

The induction of long-term immunologic tolerance is measured by a modifi¬ 
cation of the procedures described above. The protocol for shaving the mice, 
exposing the mice to UV radiation, and immunization is the same. The differ¬ 
ence is in the challenge step. In tolerance induction experiments, we want to 
expose the mice to UV radiation, determine whether this treatment induces 
immune suppression, and then wait a period of time (2-4 wk) and remeasure 
the ability of the animal to mount an immune response. Because we need to 
challenge the same animal twice, we need to avoid challenging both feet and 
both ears after the initial immunization. Thus, 6 d after immunization chal¬ 
lenge only the right hind footpad (or right ear) (generally we double the num¬ 
bers of mice in each group to ensure sufficient statistical power). Record the 
swelling and return the mice to the animal facility. Fourteen days later, immu¬ 
nize the mice a second time. The site of immunization is important; the hapten 
and/or antigen is always applied or injected at a site distant from the original 
site. Six days after the second immunization, inject the allogeneic spleen cells 
into the left hind footpad (or paint the hapten on the left ear). Failure to respond 
to the second immunization indicates tolerance induction. Specificity of toler¬ 
ance induction can be determined by using an irrelevant antigen during the 
reimmunization step ( 13 ) (see Note 8). 

3.5. Mechanisms of UV-Induced Immune Suppression 

Up to this point, we have described the basic mechanisms for measuring 
UV-induced systemic immune suppression. These procedures have served as 
the foundation for determining the mechanisms through which UV radiation 
interferes with the induction of an immune response. Because a review of all 
the pertinent literature in this area is beyond the scope of this chapter (For a 
review, see ref. 14 ), we use a schematic representation to illustrate the 
approaches that have been used (Fig. 4). Generally, the approaches that have 
been successful include the following: 

1. Blocking the immune suppression induced by U V with monoclonal antibodies to 
some of the mediators involved such as tz.v-urocanic acid, IL-4, and IL-10. 
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Fig. 4. Strategies used to interfere with UV-induced immune suppression, thereby 
determining mechanisms involved. 


2. Blocking prostaglandin E 2 production with specific cyclooxygenase-2 inhibitors. 

3. Mimicking the effects of UV radiation with purified cA-urocanic acid or recom¬ 
binant IL-10. 

4. Repairing DNA damage by using liposomes to deliver DNA repair enzymes 
directly to UV-irradiated skin. 

5. Reversing UV-induced immune suppression with immune modulators such as 
IL-12. 

4. Notes 

1. Healthy animals, maintained in a state-of-the-art animal facility, are critical to 
the success of these experiments. The temperature, humidity, ambient lighting 
conditions, and microbial load of the mice must be rigorously controlled to 
ensure success. The age of the mice is also critical; generally, we find that mice 
between 8 and 12 wk of age perform best in the DTH and CHS experiments 
described. As they become older, the magnitude of the immune response gener¬ 
ated subsides. For proper statistical analysis of the data, groups of 5-10 mice are 
required. Some investigators use hairless (Skh/Hr-1) mice in these types of 
experiments. The use of this strain of animals eliminates the requirement for shav¬ 
ing; however, if cell transfer experiments are conducted, inbred syngeneic mice 
are required and the availability of inbred hairless mice can sometimes present a 
problem. 
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2. For the bulk of the experiments done in our laboratory and in most other photobi¬ 
ology laboratories, the UV radiation is supplied by a bank of FS-40 or FS-20 
sunlamps. The spectral output of an FS-20 is the same as that of an FS-40; the 20 
and 40 refer to the overall size of the lamp. The advantage of the FS-40 is that it 
is an inexpensive fluorescent lightbulb that can be used in a standard lighting 
fixture to irradiate a large surface area. The bulb emits approx 0.5% of its energy 
in the UVC (200-280 nm) region of the solar spectrum, 60% of its energy in the 
UVB (280-320 nm), and 40% of its energy in the UVA (320-400 nm). The prob¬ 
lem with the FS-40 is that it does not mimic the spectral output of sunlight. All 
the UVC in sunlight and the UVB radiation below 300 nm is removed by the 
atmospheric ozone layer. In addition, sunlight contains a much higher proportion 
of UVA radiation than that emitted by an FS-40 sunlamp. If you need to mimic 
the radiation emitted by the sun in your experiments (i.e., measuring the efficacy 
of sunscreens in preventing UV-induced immune suppression), a solar simulator 
is required. We use an Oriel 1000W Solar UV simulator equipped with an atmo¬ 
spheric attenuation filter (Schott WG-320; 1 mm thick), a visible/infrared 
bandpass blocking filter (Schott UG-11; 1 mm thick), and a dichroic mirror to 
further reduce visible and infrared energy (Oriel, Stratford, CT). No UVC is emit¬ 
ted by this light source, all UVB below 295 nm is filtered out, and a large propor¬ 
tion of the energy emitted by this light source is in the UVA region of the solar 
spectrum. The disadvantages of using a solar simulator is the purchase price 
(>$35,000), the relative small field of irradiation, and the time and costs associ¬ 
ated with maintaining the machine. 

3. Because of shielding by the metal cage lids (approx 50% of the energy is filtered 
out by the wire cage tops), we place the detector in an empty mouse cage, put the 
metal cage lid in place, put the cage under the FS-40 sunlamps, and proceed with 
the measurements. The intensity of irradiation along the FS-40 bulb varies; it is 
most intense at the center, and the intensity decreases as near the end of the bulb. 
For this reason, we take measurements at the center of the bulb and approxi¬ 
mately one third of the length of the bulb from the end, and use the average of the 
three measurements when calculating the output of the bulb. Generally, the varia¬ 
tion from the readings at the center to the end of the bulb is in the range of 5-7%. 
For this reason, we do not use the end of the bulb to irradiate mice. 

4. The controls for these experiments are critical. The positive control consists of a 
group of normal nonirradiated mice that are immunized (or sensitized) and chal¬ 
lenged. The negative control consists of a group of mice that are not immunized 
(or sensitized) but are challenged. The background response of the negative con¬ 
trols is then subtracted from the values obtained in the positive control group and 
the experimental groups to yield the specific swelling response. Some investiga¬ 
tors inject the contralateral foot with phosphate-buffered saline (PBS) or paint 
the contralateral ear with the vehicle (i.e., acetone) and use this as the background 
value. We caution against this practice. In addition to being contact allergens, the 
haptens used here are also, to a degree, irritants. Similarly, injecting 10 7 cells into 


Immunosuppressive Effects of U V Radiation 


95 


a footpad will induce a degree of footpad swelling. Simply injecting 50 pL of 
PBS into a foot or painting the ears with acetone will not adequately mimic the 
irritant effect. It is better to control for this effect by challenging a group of mice 
that are not immunized. 

5. There are several tricks in measuring ear and footpad thickness that will decrease 
error. First, one person should do both measurements (pre- and postchallenge). Sec¬ 
ond, the same spot on the foot and ear should be measured on both days 
(Fig. 2C,D). Third, the same micrometer should be used to do the pre- and 
postchallenge measurements. The micrometers are spring loaded; we take care to 
avoid allowing the piston of the micrometer to smash down on the ear or foot, because 
this will distort the reading. Usually one person does all the measurements and another 
records all the data. The added advantage of having two people do the measurements 
is that they can be done in a blinded fashion to minimize investigator bias. 

6. Although it is a natural tendency of cell biologists to place a tubefull of cells into 
an ice bucket, this must be avoided during this procedure. Injecting 0.5-1 mL of 
cold media IV will induce acute hypothermia, and we have lost mice to cold 
shock. Another cause of fatality is induction of a pulmonary embolism owing to 
cell clumping. We filter out cell clumps by twice passing the cell suspension 
through sterile gauze. In every cell transfer experiment the following controls are 
run: the negative control (not immunized but challenged), the positive control 
(immunized and challenged), and a control in which 10 8 normal spleen cells are 
injected into normal mice that are then immunized and challenged. This last con¬ 
trol documents that the simple procedure of transferring spleen cells is not affect¬ 
ing, either positively or negatively, the induction of immunity in the recipient mice. 

7. Complement depletion of cells is sometimes hampered by nonspecific toxicity. 
Treating the target cells with an irrelevant antibody and complement to ensure 
that the results obtained are not owing to nonspecific killing is an essential con¬ 
trol in these experiments. Although somewhat more expensive, the use of mag¬ 
netic bead technology offers a number of distinct advantages. First and foremost, 
this procedures enables having two pools of cells at the end of the day, one 
enriched for the population in question and one depleted of that population. Sec¬ 
ond, it offers the capability of recovering large numbers of cells in a relatively 
short time, with a high degree of purity. Third, it is amenable to both positive and 
negative selection. This is an important consideration in studies in which cellular 
function is the readout. For example, if naive splenic CD4-positive cells are 
desired, an antibody cocktail that will stain CD8 cells, B-cells, dendritic cells, 
erythrocytes, and macrophages can be purchased (Stem Cell Technologies). All 
the undesired cells bind to the beads and are retained by the magnet, leaving a 
relatively pure population of unstained, naive CD4-positive cells behind. Because 
some of the antibodies used here, especially anti-CD3, will activate cells, this is 
an important consideration. 

8. In addition to the negative and positive controls described in Note 6, one addi¬ 
tional control must be run in tolerance induction experiments. During the second 
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immunization step it is necessary to include one group of naive animals that are 
being immunized (sensitized) for the first time. A positive response in these mice 
means that the antigen or hapten that you are using is potent and capable of 
immunizing. Because tolerance is a failure to respond to a second exposure to 
antigen, if, for some reason, the antigen loses its potency over 14-21 d, the end 
result would functionally be similar and interfere with the proper interpretation 
of the data. 
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Antisense Oligonucleotides as Research Tools 

Jennifer K. Taylor, Scott R. Cooper, and Nicholas M. Dean 


1. Introduction 

The use of antisense oligonucleotides as both research tools and therapeutic 
molecules has emerged as a powerful alternative to small molecule inhibitors. 
Antisense oligonucleotides are short pieces of chemically modified DNA 
designed to hybridize to specific mRNA sequences present in the target gene. 
The oligonucleotide interaction with the targeted mRNA can lead to inhibition 
in the translation of the protein encoded by the targeted transcript through a 
variety of reasonably well-characterized mechanisms (1-3). 

Because antisense oligonucleotides hybridize to the mRNA in a sequence- 
specific manner, knowledge of the function, structure, and localization of the 
target protein is not required. The only information needed is the nucleic acid 
sequence of the target gene. Because of recent advances in large-scale genomic 
sequencing, there has been a rapid increase in the rate and amount of sequence 
information available. Antisense technology may be useful in determining the func¬ 
tion of unknown proteins because it allows the direct use of DNA sequence 
information to identify inhibitors of gene expression. 

Antisense oligonucleotides can serve as therapeutic molecules in their own 
right. To this end, oligonucleotides have demonstrated pharmacologic activity 
in a number of animal models of human disease. Several human clinical trials 
have been undertaken in autoimmune diseases (Crohn disease, inflammatory 
bowel disease, psoriasis, rheumatoid arthritis) (4), and cancer (5,6). Recently, 
the Food and Drug Administration issued approval for the antisense compound 
Vitravene™ as an inhibitor of cytomegalovirus retinitis. 

Because antisense oligonucleotide inhibitors can be extremely specific and 
selective in reducing gene expression, several groups of investigators have used 
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this approach to inhibit expression of genes that may be involved in melanoma. 
These gene targets include Bcl-2, c -myc, protein kinase Ca (PKCa), and myb. 
A recent study examined the role of the apoptosis inhibitor protein, Bcl-2, in 
chemoresistance of melanoma (7). Using antisense oligonucleotide inhibitors 
of Bcl-2, this study demonstrated that the reduction in Bcl-2 resulted in 
chemosensitization of human melanoma in severe combined immuno- 
deficiences (SCID) mice. The combination of Bcl-2 antisense oligonucleotides 
and the chemotherapeutic agent dacarbazine resulted in complete ablation of 
the tumor in three of six animals. Thus, in this xenotransplantation model, it is 
apparent that Bcl-2 has a role in protecting melanoma cells from chemothera¬ 
peutic agents. 

Another potential gene involved in melanoma is c -myc. It is five- to ninefold 
more highly expressed in melanoma cells relative to that observed in normal 
melanocytes (8-10). Treatment of human melanoma cells in vitro and in human 
melanoma xenografts in CD-1 nude mice demonstrated that c -myc antisense 
oligonucleotide inhibitors were able to inhibit the growth of all tested melanoma 
cultures and that this growth inhibition was associated with the induction of 
apoptosis (8). Furthermore, the combination of c -myc and cisplatinum treatment 
exerted a significantly greater antiproliferative effect than either agent used 
alone (11,12). 

Previous evidence suggested that PKCa expression levels increase with 
melanoma metastasis (13). Recently, it was shown that when C8161 cells were 
treated with an antisense inhibitor of PKCa and injected intravenously into athymic 
mice, metastasis was suppressed by 75 % (14). These results suggest that PKCa 
expression may be important in the regulation of human melanoma metastasis. 

There is also evidence that the altered myb expression may be involved in 
the pathogenesis of melanoma (15,16). Growth of representative melanoma 
cell lines was inhibited in vitro in a concentration- and sequence-dependent 
manner by targeting the myb gene with an antisense oligonucleotide inhibitor 
(17). In SCID mice containing human melanoma tumors, infusion of the myb 
inhibitor resulted in long-term growth suppression of transplanted tumor cells 
(17). These results suggest that myb may play a role in the growth of some 
human melanomas. 

In this chapter, we focus on various aspects of how to apply antisense oligo¬ 
nucleotide technology to research purposes in melanoma-derived cell lines. 
We focus on the steps of oligonucleotide sequence identification, oligonucle¬ 
otide uptake, and in vitro pharmacology of antisense oligonucleotides. 

2. Materials 

The reagents needed for antisense oligonucleotide technology are fairly stan¬ 
dard in most laboratories. Flowever, because different types of oligonucleotides 
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are available, we present some background on oligonucleotide chemistry. 
Unmodified phosphodiester oligonucleotides are rapidly degraded in most bio¬ 
logic systems, and, therefore, they are not practical to use as antisense inhibi¬ 
tors. Considerable effort has been made to develop chemical modifications to 
improve oligonucleotide pharmacology. This area has been covered by excel¬ 
lent reviews (18,19). The most commonly used and commercially available 
chemically modified oligonucleotides are phosphorothioate (P=S) oligo- 
deoxynucleotides. In this modification, the nonbridging oxygen atoms are 
replaced by sulfur in the DNA backbone of the molecule. This modification 
results in a 100- to 300-fold increase in nuclease resistance compared with a 
phosphodiester oligonucleotide (20). When carefully designed and used, this 
class of oligonucleotide provides effective and specific inhibitors of gene 
expression. 

3. Methods 

3.1. Oligonucleotide Sequence Identification 

The selection of effective oligonucleotide sequence targets on a given 
mRNA transcript is a key issue. Antisense oligonucleotides are proposed to 
function through three different mechanisms: translation arrest, splicing arrest, 
and RNase H degradation. For the P=S oligodeoxynucleotides, the best char¬ 
acterized mechanism of action is through target mRNA degradation by RNase 
H, a class of ubiquitous enzymes found within eukaryotic cells in the nucleus 
and cytoplasm that degrades the RNA strand of an RNA: DNA duplex. 

Several strategies to predict effective mRNA target sequences have been 
investigated. For the researcher interested in finding an oligonucleotide inhibi¬ 
tor of a specific gene product, we suggest a simple approach, that we have 
successfully employed (21-23). This method requires the synthesis of a series 
of oligonucleotide sequences designed to hybridize to multiple sites through¬ 
out the target mRNA. These oligonucleotides are then evaluated for their abil¬ 
ity to reduce the expression of either the target mRNA or protein. The “hit 
rate” for identifying active sequences varies from sequence to sequence, but, in 
general, the hit rate for P=S oligodeoxynucleotides is between 10 and 20%. 
Therefore, it is usually sufficient to evaluate between 10 and 15 oligonucle¬ 
otides for activity. Two simple guidelines for oligonucleotide design are avoid¬ 
ing multiple contiguous G residues, which can affect oligonucleotide secondary 
structure, and avoiding oligonucleotide self-complementation. 

3.2. Oligonucleotide Uptake 

The ability of antisense oligonucleotides to reduce target gene expression in 
tissue culture cells is greatly enhanced by the use of uptake enhancers, and the 
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use of such compounds is strongly recommended. Various agents have been 
used including cationic lipids (21,24), liposomes (25), peptides (26), 
dendrimers (27), polycations (28), conjugation with cholesterol (29), aggrega¬ 
tion with cell-surface ligands (11), streptolysin O (30), and electroporation 
(31). Commercially available cationic lipid preparations work well to enhance 
oligonucleotide activity for many cells and are a good first choice. 

Cationic lipids appear not just to increase oligonucleotide accumulation in 
treated cells, but also to change oligonucleotide intracellular distribution (21). This 
is characterized by increased oligonucleotide accumulation in the nucleus (21), 
which may be required for the oligonucleotide to reduce target mRNA expression. 

3.3. Antisense In Vitro Pharmacology 

The most common mechanism of action for P=S oligonucleotides trans¬ 
fected into tissue culture cells is through a reduction in target mRNA expres¬ 
sion by RNase H. The pharmacology of inhibition of gene expression by such 
a mechanism is fairly typical and reproducible. If the target gene is constitu- 
tively expressed, then one should expect greater than an 80% reduction at P=S 
oligodeoxynucleotide concentrations of between 0.2 and 1 \x.M (22). This inhi¬ 
bition lasts between 24 and 48 h, depending on the cell line used (22,32). 

The use of proper controls is extremely important, and a number of sugges¬ 
tions have been proposed (33). Briefly, at the very least, one should demon¬ 
strate a reduction in targeted mRNA and/or protein, determine the effects of 
the active oligonucleotide on another gene product, and determine the effects 
of mismatched oligonucleotides on the targeted gene product. If these simple 
rules are followed, the chances of misinterpreting data should be minimized. 

4. Notes 

1. Two common problems encountered using antisense oligonucleotides are no 
reduction in targeted RNA and nonspecific reduction of target RNA. The most 
frequent reasons that targeted RNA is not reduced by antisense oligonucleotides 
are either that cells are not efficiently transfected with oligo or that the optimal 
oligonucleotide sequence has not been identified. It is also important to remem¬ 
ber that some cells are easier to transfect than others. By altering the cationic 
lipid or trying electroporation, one may be able to improve the transfection effi¬ 
ciency. We have successfully transfected human melanoma C8161 and Mel Juso 
cells, as well as human epidermal melanocytes. 

To transfect these cells successfully, the following procedure can be used. 
Work from a 1 m M stock oligonucleotide solution diluted to a working 1 or 10 \\M 
solution. The concentration of the stock solution can be determined by the fol¬ 
lowing procedure. Dilute a small aliquot 1:1000 (e.g., 5 pL in 5 mL) in 0.9% 
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saline solution in duplicate. Read the absorbance on a spectrophotometer at 260 nm. 
(The optical density should be between 0.1 and 1.0. If it is significantly higher 
than 1, you should dilute the sample further.) To calculate the amount of actual 
oligo present, multiply the absorbance value obtained by 1000 (or the dilution 
factor you used) and divide by the extinction coefficient for the oligonucleotide 
(usually provided by the commercial supplier of the oligonucleotide). This will 
give the millimolar concentration. To treat the cells with oligonucleotide, start 
with cells that are approx 80-90% confluent, and then do the following: 

a. Wash the cells to remove serum-containing media. 

b. Prepare lipofectin solution. We routinely use this to greatly (up to 1000-fold) 
increase oligo potency in vitro. Use 1-5 uL of lipofectin/(mL-100 n M oligo) 
(e.g., 10 pL of lipofectin/mL of media for a 200 nM oligo concentration). 
This procedure maintains a constant ratio between the oligo and the lipid. 
Add the lipofectin to the media (without serum) and shake vigorously to dis¬ 
perse the lipofectin (extremely important). Do this in the absence of antibiot¬ 
ics. Add this to the cells (typically 4 to 5 mL to a T-75 flask). Add the oligo to 
a final concentration of 50-400 n M from 1 or 10 pM stock for the first screen 
for activity, shake the flask well again to fully complex the oligo/lipofectin 
(extremely important). The oligo and lipofectin solution can alternatively be 
preformulated before addition to the cells. 

c. Allow the cells to incubate for 4 h. Occasionally swirl the solution around the 
cells to prevent drying. 

d. Remove lipofectin solution and replace with media. 

e. Allow the cells to incubate overnight and measure the target mRNA or pro¬ 
tein expression. We normally measure mRNA expression, not protein expres¬ 
sion, initially because some proteins have a long half-life, which can make 
further characterization necessary. 

The 4-h incubation of cells with oligo and lipofectin effectively “loads” the 
cells with oligo and should keep mRNA expression down for up to 72 h. It is 
important to do these studies before looking at “phenotypic” changes in the cells, 
to confirm that the oligo effects are specific for a given target. 

It is also important to demonstrate the specificity of the antisense oligonucle¬ 
otide on the targeted mRNA and protein. By introducing mismatched bases into 
the oligonucleotide sequence, one should observe that the mRNA level of the 
targeted gene is not affected. Occasionally, one will continue to see a reduction 
in mRNA in spite of mismatched bases. This could be because too high a concen¬ 
tration of oligonucleotide has been used. It is important to optimize the concentra¬ 
tion of antisense oligonucleotides used by performing a dose response. Then, 
when examining the specificity of the oligonucleotide, one should use the lowest, 
most effective concentration of oligonucleotide to avoid nonspecific effects. 

The length of the oligonucleotide sequence is important for maintaining 
adequate specificity and optimal efficacy. Based on an estimate of approx 3 to 4 
billion bp in the human genome and assuming a random distribution of bases, 
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several investigators have calculated the minimum size needed to recognize a 
single specific sequence in the genome at between 12 and 15 bases (34). 
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Genetic Testing in Familial Melanoma 

Epidemiologic/Genetic Assessment of Risks and Role 
ofCDKN2A Analysis 

David Hogg, Ling Liu, and Norman Lassam 


1. Introduction 

The first description of familial melanoma in the English literature appeared 
in 1820, when Norris (1) reported: 

It is remarkable that this gentleman’s father, about thirty years ago, died of a similar 
disease... . This tumour, I have remarked, originated in a mole, and it is worth mention¬ 
ing, that not only my patient and his children had many moles on various parts of their 
bodies, but also his own father and brothers had many of them.... These facts, together 
with a case that has come under my notice, rather similar, would incline me to believe 
that this disease is hereditary. 

Since then, many families with a predisposition to melanoma have been 
described worldwide (2-5). For purposes of case definition, our laboratory cur¬ 
rently defines familial melanoma (FMM) as a family containing >2 affected 
first-degree relatives with melanoma and/or pancreatic carcinoma. According 
to this definition, about 8-12% of melanoma is inherited as an autosomal domi¬ 
nant trait with variable penetrance. Affected members (AFM) of these FMM 
kindreds may develop multiple primary melanoma (6) and/or pancreatic can¬ 
cer (7) and typically present at an earlier age than do patients with sporadic 
disease. In a subset of such individuals and kindreds, germline mutations of the 
CDKN2A gene (also known as pl6INK4A and MTS1) cosegregate with cases 
of melanoma (2-5). 

We have hypothesized that the identification of mutation carriers may in the 
future allow us to direct resources to the prevention and surveillance of mela- 
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noma in high-risk individuals and families. This chapter provides an overview 
of melanoma genetics, as well as the indications, drawbacks, and methods of 
germline CDKN2A mutation screening by polymerase chain reaction (PCR) 
amplification and automated sequencing of genomic DNA. 

We have taken care to indicate which clinical definitions we use, because 
other groups may employ somewhat different criteria to define FMM, dysplas- 
tic nevi, and the dysplastic nevus syndrome. As a result, mutation detection 
rates may differ among groups solely owing to differing disease definitions. 

1.1. Genetic Predisposition to Melanoma 

Linkage studies of melanoma-predisposed families have identified disease- 
associated loci on chromosomes lp36 (8), 9p21 (9,10), and 6p (11). However, 
only the 9p21 locus has been linked repeatedly to the development of mela¬ 
noma by multiple groups worldwide. To narrow the critical region containing 
the putative susceptibility gene, Kamb et al. (12) analyzed deletions in mela¬ 
noma cell lines from sporadic cases of the disease and identified a candidate 
gene that they designated MTS1 (now CDKN2A). Many groups have since 
reported that germline coding and noncoding mutations of CDKN2A 
cosegregate with cases of melanoma—and sometimes pancreatic cancer—in 
families (2-5,13-17). In contrast to the relatively narrow spectrum of malig¬ 
nancy associated with inherited CDKN2A alterations, investigators have 
reported that mutations, deletions, and hypermethylation of CDKN2A occur in 
a large variety of sporadic tumor types. The promiscuous dysfunction of this 
tumor suppressor gene in human malignancy rivals that of p53 (12,18). 

The CDKN2A gene is alternatively transcribed from one of two exons desig¬ 
nated Elfi and El a, both of which are spliced to downstream exons 2 and 3. 
These two transcripts encode two corresponding proteins that utilize different 
reading frames and are designated pl9 ARF and pi6, respectively (ARF = alter¬ 
native reading frame) ( see Fig. 1). Both proteins inhibit progression through 
the cell cycle by entirely different mechanisms: pl6 inhibits the phosphoryla¬ 
tion of the retinoblastoma protein pRB and thus guards entry into the cell cycle 
at the Gl/S transition, whereas pl9 ARF blocks degradation of the p53 protein 
(see Fig. 2) (19,20). Centromeric to E /|3 lies a second gene, CDKN2B , that 
encodes the pl5 protein. Curiously, although p 15 appears to play a biochemi¬ 
cal role indistinguishable from that of pl6, germline mutations of CDKN2B 
have never been observed in cases of FMM (5). Moreover, germline mutations 
of CDKN2A that affect the pl9 ARF transcript alone have not been observed in 
melanoma-prone families (5,21), although mice engineered for El (3 deletions 
in the germline develop several types of cancer (22,23). Accordingly, pl9 ARF 
in humans remains a tumor suppressor in search of a disease. Finally, deletion 
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Fig. 1. Gene structure of MTS2/CDKN2AJpl6 and MTS2/CDKN2B/pl5 located at 
9p21. The pi5 gene comprises two exons, which are spliced together to form the p 15 
transcript. Alternate splicing of CDKN2A can give rise to two different transcripts: 
exon la, exon 2, and exon 3 produce the CDKN2AI pl6 transcript, whereas exons 1 (3, 
2, and 3 comprise the pl9 ARF transcript. 

studies of other tumor types have suggested that the 9p21 locus contains addi¬ 
tional tumor suppressor genes both distal and proximal to CDKN2A (24-26). 

Germline coding mutations in CDKN2A are not found in all melanoma-prone 
families, even in kindreds with multiple AFM in whom the disease 
cosegregates with 9p21 markers. In some families, mutations in noncoding 
regions of CDKN2A alter expression of the protein and predispose to mela¬ 
noma and/or pancreatic carcinoma (27). In other kindreds and individuals, de¬ 
letions encompassing the gene may underlie susceptibility to melanoma. 
Indeed, germline loss in cis of both CDKN2A and CDKN2B has been associ¬ 
ated with a familial astrocytoma-melanoma syndrome (MIM no. 155755) (28). 
Our current PCR/sequencing protocols will miss such deletions, and we are 
currently developing additional approaches for mutation detection that include 
Southern blotting, fluorescence in situ hybridization, and the use of chip tech¬ 
nology. 

1.2. Phenotypes Associated with Germline CDKN2A Mutations 
and Clinical Implications 

In families through which a CDKN2A germline mutation is segregating, 
mutation carriers are at increased risk for melanoma. The lifetime penetrance 
in carriers appears to be on the order of 50-80%, but this estimate may be 


El E2 

II P \H~ - II - 



pi 5 





























112 


Hogg et al. 



INACTIVE 


Transcriptional activation ol’S-phase specific genes 


Fig. 2. Control of the restriction point by CIPs, INK4s, and pl9 ARF . Phosphoryla¬ 
tion of Rb by active cdk4/cyclin D results in the dissociation of the HDAC/Rb/E2F 
complex. HD AC no longer deacetylates histones surrounding E2F consensus binding 
sites, thereby rendering these regions transcriptionally active. Two protein families, 
CIPs (p21, p27, and p57) and INK4s (p 15, pl6, pl8, and p 19) can inhibit the activity 
of cdk4/cyclin D. CIPs bind to both cdk4 and cyclin D, resulting in an inactive trimeric 
complex. By contrast, INK4s prevent association of the cyclin D regulatory subunit by 
binding to free cdk4. The alternately spliced transcript of CDKN2A , pl9 ARF , prevents 
ubiquitin-dependent degradation of p53 normally brought about by MDM2, an 
ubiquitin conjugating enzyme. Increased p53 levels can result in cdk4/cyclin D inhibi¬ 
tion through a CIP-mediated mechanism. 

biased by the analysis of large kindreds and is subject to revision (29,30). It is 
likely that the risk of melanoma in mutation-bearing individuals may be sig¬ 
nificantly increased by exposure to ultraviolet (UV) light (31)', accordingly, 
carriers should be counseled to avoid sun exposure and wear protective cloth¬ 
ing. At present, it is not clear whether sun blocks provide any degree of protec¬ 
tion, but their use seems to be a reasonable precaution. 

Melanomas that develop in genetically predisposed individuals are not 
morphologically different from those observed in sporadic cases, although the 
familial lesions tend to be shallower (29). Whether this reflects a difference in 
biologic behavior or is owing to heightened surveillance remains undetermined. 
It is clear that familial melanoma is just as dangerous as the sporadic disease 
and carries a high mortality if it is detected at a late stage. Therefore, ongoing 
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Table 1 

Estimated Mutation Detection Frequencies 3 

Criteria 

MDF (95% Cl) 

All families 

31(17-46) 

2 AFM 

18 (6-30) 

3+ AFM 

57 (40-73) 

Multiple primary 

14 (3-25) 


“Probability of detecting a germline CDKN2A mutation. Criteria refers to 
the selection criteria employed prior to testing: All families, >2 AFM, who 
may be first- or second-degree relatives; multiple primary, patients with 2 or 
more primary melanomas. MDF, mutation detection frequency. Note that a 
family with one or more members with multiple primary melanomas or one or 
more cases of pancreatic carcinoma may have a somewhat higher probability 
of carrying a germline CDKN2A mutation. 

surveillance on a 6-mo basis of mutation-bearing individuals seems reasonable 
(see Subheading 1.6.)- CDKN2A mutation carriers may also develop pancre¬ 
atic carcinoma (relative risk 22X) (7), albeit at a considerably lower frequency 
than melanoma. At this time, we cannot offer any recommendations for sur¬ 
veillance of this disease. The risk of additional malignancies, such as breast, 
colon, and respiratory cancers, is so far indeterminate. Both of these areas of 
question will best be addressed by a large multicenter study. 

Individuals with two or more primary melanomas (6), or those who present 
with a combination of melanoma and pancreatic cancer (43), may also possess 
a germline CDKN2A mutation even in the absence of a family history of either 
disease. The identification of such a mutation may prompt further examination 
of the proband’s family, with identification of other carriers or affected 
individuals. 

1.3. Mutation Detection Frequencies 

The estimates for mutation frequency in typical clinical scenarios (see Table 1) 
are based on our analysis of individuals and families with melanoma in Toronto 
and from other referral centers in North America. Our melanoma-prone patient 
population described herein is largely of European origin; we do not yet know 
the impact of germline CDKN2A mutations in a population of African origin. 

We caution that mutation detection frequencies may differ significantly 
among different laboratories for the following reasons. First, our analyses are 
performed using PCR-sequencing of exons la and 2 of the CDKN2A gene 
(exon 3 encodes only three amino acids and we do not sequence it at this time), 
and laboratories that utilize methods such as single-strand conformation poly¬ 
morphism may miss significantly more mutations (6). Second, our current pro- 
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tocol will not detect medium to large (>100 bp to >1 megabase) deletions. 
Third, the frequency of mutations or the type of mutation (missense vs dele¬ 
tion) may vary considerably among different ethnic groups. Fourth, a high life¬ 
time risk of sporadic melanoma in the population under study (e.g., 1/14 in 
Queensland, Australia (32) vs 1/110 in Canada) will result in a considerable num¬ 
ber of phenocopies that may confound the selection criteria for mutation analysis. 

1.4. Other Genes That Predispose to Melanoma 

In -30% of high-risk melanoma-prone families (>3 AFM), germline muta¬ 
tions of CDKN2A have not been detected. Moreover, some of these kindreds 
do not demonstrate linkage of the disease to 9p21 makers (33). Therefore, it is 
highly likely that another major locus or loci predisposes to the disease. Inves¬ 
tigators have described three families that bear germline coding mutations in 
the CDK4 gene (chromosome 12ql4) and are identical in clinical presentation 
to kindreds that bear CDKN2A mutations (34,35). The aberrant CDK4 proteins 
bear mutations at amino acid 24 that abrogate binding to pl6. In Toronto, to 
date, we have not detected any melanoma-prone family with a CDK4 mutation 
in a survey of more than 60 kindreds; moreover, we have not identified analo¬ 
gous mutations in the orthologous CDK6 gene (44). Germline mutations of the 
RB gene (which encodes the target of the CDK4 kinase and maps to chromo¬ 
some 13ql4.l-ql4.2 ) predispose to retinoblastoma and osteosarcoma. 
RB mutations are also associated with a 10-fold increase in melanoma risk in 
adult life (36). Finally, mutations of the BRCA2 breast cancer gene also predis¬ 
pose to melanoma (37). In conclusion, mutations of genes other than CDKN2A 
(including but not restricted to members of the retinoblastoma pathway) may 
predispose carriers to melanoma. Flowever, families segregating such muta¬ 
tions are relatively rare and cannot account for all kindreds that are unlinked to 
9p21. Thus, it seems likely that another major melanoma susceptibility gene or 
genes will be described in the future. 

1.5. Dysplastic Nevus Syndrome 

Patients with dysplastic nevus syndrome (DNS) may develop melanoma that 
typically arises in dysplastic nevi (abnormal moles). We define patients with 
DNS as those individuals who possess >100 nevi in addition to at least 2 dys¬ 
plastic nevi (this is the current definition used by the International Melanoma 
Consortium). We define dysplastic nevi as nevi >8 mm in diameter that often 
have an irregular border and variegated pigmentation. Numerous epidemio¬ 
logic studies have consistently demonstrated substantial risk of melanoma 
associated with dysplastic nevi. For example, Tucker et al. (38) studied 716 
patients with nevi and reported that 1 clinically dysplastic nevus was associ- 
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ated with a 2-fold risk of melanoma (95% confidence interval [Cl], 1.4-3.6), 
whereas 10 or more conferred a 12-fold increased risk (95% Cl, 4.4-31). 

DNS may segregate through families or may occur sporadically. The locus 
or gene that predisposes to familial DNS is unknown but probably segregates 
independently of CDKN2A in families with FMM (39,40). Notably, germline 
mutations of CDKN2A do not appear to predispose to DNS, although they may 
affect the expressivity or penetrance of this syndrome (39). However, in 
patients possessing both DNS and a CDKN2A germline mutation, the relative 
risk of melanoma is extremely high and its penetrance may approach 100%. 
More important, DNS is associated with other malignancies, including Hodgkin 
and non-Hodgkin lymphoma (41) and testicular germ cell cancer (GCT) (42). 
Therefore, the identification of the DNS gene or genes would have a profound 
effect on our understanding of melanoma predisposition, and possibly lym¬ 
phomas and GCT as well. 

1.6. Current Roles and Drawbacks of CDKN2A Mutation Analysis 

Surveillance of families with both FMM and DNS may decrease mortality, 
even in the absence of genetic testing (29). Mutation analysis of the CDKN2A 
gene in melanoma-prone individuals and families is still a research tool. The 
clinical utility of such testing will not be known until two questions are 
addressed: (1) Do mutation carriers within a family develop cancer at a much 
higher rate than do noncarriers? and (2) Does surveillance of mutation carri¬ 
ers—combined with curative biopsies of suspicious lesions—prevent morbid¬ 
ity and mortality. Data on the first question should be available in the near 
future, but it may take years to determine the impact of mutation testing on 
survival and quality of life. 

Currently, we counsel both carriers and noncarriers identically in families 
segregating CDKN2A mutations. In part, this is because we suspect that genes 
other than CDKN2A may modify melanoma susceptibility in both the presence 
and absence of CDKN2A mutations. If we are correct, the risk of melanoma in 
a noncarrier is not necessarily the same as that of the general population. More¬ 
over, if a melanoma-prone family is found not to bear a germline CDKN2A 
mutation, this does not mean that their risk is less than that of a mutation¬ 
positive kindred. Rather, a CDKN2A mutation may not be detected by our cur¬ 
rent protocol, or another melanoma susceptibility gene may underlie the 
predisposition to melanoma observed in this family. 
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Table 2 
PCR Primers 


Exon 

Name 

Sequence 

1 

880F fl 

1590R 

5'-TCC TTC CTT GCC AAC GCT GGC TC 
5'-TTC GAG AGA TCT GTA CGC GCG TG 

2 

E2FBF 

E2RBR 

5'-GGC TCA CAC AAG CTT CCT TTC CG 
5'-CGG GCT GAA CTT TCT GTG CTG G 


"F, sense/forward sequence; R, antisense or reverse sequence. 


2. Materials 

2.1. Genomic DNA 

1. Genomic DNA dissolved in water or TE (10 mM Tris-HCl, pH 7.5, 1 mMEDTA) 
at a concentration of 50 ng/pL. 

2.2. Polymerase Chain Reaction 

1. PCR thermocycler (we use a Perkin-Elmer 2400 or 9600). 

2. Microtubes (0.2 mL), pipet for 1 to 20-pL vol, plastic pipet tips. 

3. PCR reagents: 10X PCR buffer (200 m M Tris-HCl, pH 8.4, 500 m M KC1); 
50 m M MgCl 2 ; 2.0 m M of each: dATP, dCTP, dGTP and dTTP; Taq DNA poly¬ 
merase; deionized dimethyl sulfoxide (DMSO); and ddH 2 0. 

4. PCR primers (see Table 2). 

5. Electrophoresis apparatus for small agarose gel; agarose; ethidium bromide; 10X 
loading buffer (50% glycerol, 1% bromophenol blue), and a molecular weight 
marker suitable for a size range of 50-1000 bp. (We use the 100-bp ladder marker 
from Pharmacia Canada.) 

6. UV transilluminator, camera, and films (for recording image from agarose gel). 

2.3. Automatic Sequencing 

1. Automated sequencer: Micro Gene Blaster (Visible Genetics, Toronto, Canada) 
and ancillary equipment and reagents (gel cartridge and gel plates, gel Toaster, 
color printer to record electropherograms). 

2. GeneObjects™ software (Visible Genetics) to analyze sequences. 

3. Sequencing reagents: 10X sequencing buffer I (200 m M Tris-HCl, pH 8.3, 39 m M 
MgCl 2 ); 32 U/pL Thermo Sequenase (Amersham); Thermo Sequenase dilu¬ 
tion buffer (100 m M Tris-HCl, pH 8.0, 1 m M 2-mercaptoethanol, 0.5% [v/v] 
Tween-20, 0.5% [v/v] NP-40); deionized DMSO; termination mix (750 pM of 
each: dATP, dCTP, dGTP, and dTTP and 2.5 p M of each: terminators ddATP, 
ddCTP, ddGTP, ddTTP [300:1 ratio of dNTP to ddNTP]). All of these reagents 
are provided in the Cy™5/Cy5.5 Day Primer Cycle Sequencing Kit (Visible 
Genetics). 

4. Cy5.5 labeled primers (see Table 3). 
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Table 3 

Sequencing Primers 


Exon 

Name 

Sequence 

T a (°C) 

Purpose 

1 

El-CF" 

5'-ACT TCA GGG GTG CCA CAT TCG CT 

60 

5'-UTR and El 


El-FF 

5'-CAC CAG AGG GTG GGG CGG AC 

64 

coding 

El coding and 


El-RR 

5'-AAA CTT TCG TCC TCC AGA GTC GCC C 

64 

splice donor 

El coding and 





some 5' UTR 

2 

E2-FF 

5'-GCT TCC TTT CCG TCA TGC CG 

58 

E2 coding and 


E2-RR 

5'-TGC TGG AAA ATG AAT GCT CTG AG 

60 

splice sites 

E2 coding and 





splice sites 


"F, sense/forward sequence; R, antisense or reverse sequence. 


3. Methods 

3.1. PCR Amplification of CDKN2A Exons 1 and 2 

1. Amplify exon 1 and 5' untranslated sequences (5'UTR): In a 0.2-mL microtube 
on ice, add the following reagents: 1.5 pL of 10X buffer (Gibco), 0.6 pL of 50 mM 
MgCl 2 , 1.5 pL of 2.0 m M dNTP, 0.75 pL of DMSO, 0.6 pL of primer 880F 
(10 pmol/pL), 0.6 pL of primer 1590R (10 pmol/pL), 1.0 pL of DNA (50 ng/pL), 
0.1 pL of Taq (Gibco), 8.35 pL of ddH 2 0, for a total volume of 15 pL. Place the 
tube(s) in a thermocycler and amplify using the following program: 3 min at 
95°C; 35 cycles of 30 s at 95°C, 30 s at 64°C, 60 s at 72°C; 5 min at 72°C; hold at 4°C. 

2. Amplify exon 2: In a 0.2-mL microtube on ice, add the following reagents: 
1.5 pL of 10X buffer (Gibco), 0.5 pL of 50 m M MgCl 2 , 1.5 pL of 2.0 m M dNTP, 
1.5 pL of DMSO, 0.6 pL of primer E2FBF (10 pmol/pL), 0.6 pL of primer 
E2RBR (10 pmol/pL), 1.0 pL of DNA (50 ng/pL), 0.1 pL of Taq (Gibco), 7.7 pL 
of ddH 2 0, for a total volume of 15 pL. Place the tube(s) in a thermocycler and 
amplify using the following program: 3 min at 95°C; 35 cycles of 30 s at 95°C, 
30 s at 62°C, 60 s at 72°C; 5 min at 72°C; hold at 4°C. 

3. Check the PCR products: Load 4 pL of PCR products and 4 pL of 1:10 diluted 
molecular weight marker (final concentration of 0.1 pg/pL) on a 1% agarose gel. 
The bands corresponding to the PCR products should migrate at the expected 
sizes (El is 800 and E2 is 465 bp) and there should be little remaining oligo¬ 
nucleotide or primer dimer (see Fig. 3). If the products appear clean and bright, 
they may be sequenced directly. 

3.2. Cycle Sequencing 

1. Prepare the master mix: In a 0.2-mL microtube on ice, add the following reagents 
(scale up to sequence additional amplifications): 2.5 pL of VGI buffer, 0.75 pL 
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Exon 2 Exon I 

Fig. 3. PCR products from amplification of exons 1 and 2 of CDKN2A. Lanes 1-5 
are separate amplifications of genomic DNA samples; M, is the molecular mass marker 
(100-bp ladder; Pharmacia). Note the equal intensity of each band and the lack of 
contaminating amplimers. 


of DMSO, 1.0 pL of specific primer (see Table 3), 2.5 pL of Sequenase (diluted 
1:10), 6.25 pL of ddH 2 0, for a total volume of 13 pL. 

2. Prepare individual terminator mixes: Label four tubes A, C, G, and T. Add 3 pL 
of the master mix to each tube, and then add an equal volume of termination mix 
to each tube. 

3. Add the PCR product to the terminator mixes: Dilute the PCR product to 5 ng/pL 
and add 2 pL of product (10 ng total) to the tubes labeled A, C, G, and T from 
step 2. Layer 8 pL of clear mineral oil on top (even on thermocyclers with heated 
lids). 

4. Place the tube(s) in a thermocycler and amplify using the following program: 
3 min at 95°C, 35 cycles of 30 s at 95°C, 30 s at T a (see Table 3), 60 s at 72°C; 
5 min at 72°C; hold at 4°C. 

5. Analyze the sequencing reactions: Add 6 pL of loading dye (Provided in the 
Cy5/Cy5.5 Day Primer Cycle Sequencing Kit) to each tube and denature at 95°C 
for 2 min. Load 2 pL of each sample per lane on the Micro Gene Blaster auto¬ 
mated sequencer (Visible Genetics) and run for 35 min at 50°C and 1300 V. 
Analyze the sequence using GeneObjects software (Visible Genetics) (see Fig. 4). 

4. Notes 

1. We have optimized our PCR conditions for the Perkin-Elmer thermocycler mod¬ 
els 2400 and 9600. Because of the very high G:C content in and around the 
CDKN2 locus, these conditions may have to be optimized for other 
thermocyclers. 

2. We have optimized our protocol for the Cy5.5 chemistry protocol, for the Dye 
Primer Cycle Sequencing Kit and the Micro Gene Blaster automated sequencer 
(Visible Genetics). While these protocols should be easily adapted to other chem¬ 
istries and sequencers, a few cautionary notes are in order. First, we recommend 
that dye primer, rather than dye terminator, technologies be used. The more even 
peak heights achieved with dye primers allow more accurate detection of het¬ 
erozygous mutations in missense mutations. Similarly, we do not recommend 
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Mutant AUG 


1 


Wild-Type AUG 
+1 

Jl 


G-34T Mutant 


1175 1177 ^79 H81 >183 '185 ^187 '169 '191 >B?3 >195 'l97 *199 *2 1202 *204 >20^ >208^210 <212 ^214 "filTT 



Wild Type 


172 1174 H7 


1 178 11 SO <182 il8 

v. a/a 

i >186 1188 >190 >192 >194 >196 >198 >200 >202 >204 (206 >20^ >210 >21^ >214 >216 


AGGG'GG AG 

G C A G G C A GC G...G_G_C_G_G_C. f G G G A_Q C A~ G C A. T...G....G..-A_CL 


B 


5’ boundary of deletion 
+225 



Fig. 4. (A) Example of a CDKN2A 5' missense mutation detected by sequencing. 
This electropherogram demonstrates a noncoding mutation in the 5'UTR, designated 
G-34T, that gives rise to a novel initiation codon out of frame with the wild-type 
AUG. We sequenced genomic DNA samples from a mutation carrier (upper electro¬ 
pherogram: heterozygous for the wild-type and G-34T nucleotides) and a normal con¬ 
trol (lower electropherogram). Horizontal bands above the electropherograms show 
the location of the mutant (-35) and the wild-type (+1) ATG codons. The arrow indi¬ 
cates the mutation at nucleotide -34. (B) Example of a CDKN2A deletion detected by 
sequencing. This electropherogram demonstrates a deletion in exon 2 at position +74 
(position +225 of the corresponding mRNA, as indicated by the arrow). Note the sud¬ 
den appearance of ambiguous sequence, owing to a frameshift in the mutant allele that 
leads to a sequence divergence in the PCR fragment sequencing reaction. This 
sequence results from the use of the forward primer (E2-FF); comparing the sequence 
derived from the reverse primer (E2-RR) reveals the 3' boundary of the deletion. 

using manual sequencing (i.e., 35 S-labeled primers) owing to the difficulty of 
detecting subtle mutations. 

3. Because of the high G: C content in and around the CDKN2 locus, compressions, 
or “stops,” in the sequence are sometimes observed. Such artifacts mandate the 
use of at least two sequencing primers (the -FF and -RR series in Table 3), so that 
sequence is derived from both strands. In addition, we recommend the use of the 
El-CF primer to better visualize the 5'UTR of exon 1 (see Fig. 4). 

4. Many CDKN2A germline mutations have been observed in melanoma-prone 
families worldwide, providing strong evidence that these specific mutations are 
indeed associated with the disease. Several mutations encode proteins that are 
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deficient in binding to the CDK4/6 kinases, providing a biologic marker of clini¬ 
cal behavior. (The sole but important exception to this rule is a 24-bp insertion or 
deletion at the beginning of the coding region of exon 1. Despite binding to CDK4 
as easily as the wild-type protein, this mutant clearly predisposes to melanoma.) 
Intragenic deletions, especially those that lead to a frameshift, abrogate the func¬ 
tion of the protein. A recent review of CDKN2A biology and a compendium of 
mutations has been published by Ruas and Peters (45). Novel mutations should 
be genetically and functionally defined before any conclusions can be drawn 
about their impact on pl6 function. 

5. Unless CDKN2A mutation analysis is conducted on anonymous specimens, we 
insist that genetic counseling be offered to patients prior to and following genetic 
testing. A genetic counselor, clinical geneticist, or physician who is expert in the 
field of general and cancer genetics should provide this counseling. 

References 

1. Norris, W. (1820) A case of fungoid disease. Edinburgh Med. Surg. J. 16, 562. 

2. Hussussian, C. J., et al. (1994) Germline pl6 mutations in familial melanoma. 
Nat. Genet. 8, 15-21. 

3. Kamb, A., et al. (1994) Analysis of the pl6 gene (CDKN2) as a candidate for the 
chromosome 9p melanoma susceptibility locus. Nat. Genet. 8, 23-26. 

4. FitzGerald, M. G., et al. (1996) Prevalence of germ-line mutations in pl6, 
pl9ARF, and CDK4 in familial melanoma: analysis of a clinic-based population. 
Proc. Natl. Acad. Sci. USA 93, 8541-8545. 

5. Liu, L., et al. (1997) Affected members of melanoma-prone families with link¬ 
age to 9p21 but lacking mutations in CDKN2A do not harbor mutations in the 
coding regions of either CDKN2B or pl9ARF. Genes Chromosomes Cancer 19, 
52-54. 

6. Monzon, J., et al. (1998) CDKN2A mutations in multiple primary melanomas. 
N. Engl. J. Med. 338, 879-887. 

7. Goldstein, A. M., et al. (1995) Increased risk of pancreatic cancer in melanoma- 
prone kindreds with pl6INK4 mutations. N. Engl. J. Med. 333, 970-974. 

8. Bale, S. J., et al. (1989) Mapping the gene for hereditary cutaneous malig¬ 
nant melanoma-dysplastic nevus to chromosome lp. N. Engl. J. Med. 320, 
1367-1372. 

9. Cannon-Albright, L. A., et al. (1992) Assignment of a locus for familial mela¬ 
noma, MLM, to chromosome 9pl3-p22. Science 258, 1148-1152. 

10. Cannon-Albright, L. A., et al. (1994) Localization of the 9p melanoma suscepti¬ 
bility locus (MLM) to a 2-cM region between D9S736 and D9S171. Genomics 
23, 265-268. 

11. Walker, G. J., et al. (1994) Linkage analysis in familial melanoma kindreds to 
markers on chromosome 6p. Int. J. Cancer 59, 771-775. 

12. Kamb, A., et al. (1994) A cell cycle regulator potentially involved in genesis of 
many tumor types. Science 264, 436-440. 

13. Bergman, W., Gruis, N. A., Sandkuijl, L. A., and Frants, R. R. (1994) Genetics of 


Genetic Testing in Familial Melanoma 


121 


seven Dutch familial atypical multiple mole-melanoma syndrome families: a 
review of linkage results including chromosomes 1 and 9. J. Invest. Dermatol. 
103, 122S-125S. 

14. Parry, D. and Peters, G. (1996) Temperature-sensitive mutants of pl6CDKN2 
associated with familial melanoma. Mol. Cell. Biol. 16, 3844-3852. 

15. Smith-Sorensen, B., and Hovig, E. (1996) CDKN2A (pl6INK4A) somatic and 
germline mutations. Hum. Mutat. 7, 294-303. 

16. Holland, E. A., et al. (1995) Analysis of the pl6 gene, CDKN2, in 17 Australian 
melanoma kindreds. Oncogene 11, 2289-2294. 

17. Walker, G. J., et al. (1995) Mutations of the CDKN2/pl6INK4 gene in Australian 
melanoma kindreds. Hum. Mol. Genet. 4, 1845-1852. 

18. Kamb, A. (1995) Cell-cycle regulators and cancer. Trends Genet. 11, 136-140. 

19. Sherr, C. J. and Roberts, J. M. (1999) CDK inhibitors: positive and negative regu¬ 
lators of Gl-phase progression. Genes Dev. 13, 1501-1512. 

20. Sherr, C. J. (1998) Tumor surveillance via the ARF-p53 pathway. Genes Dev. 12, 
2984-2991. 

21. Stone, S., et al. (1995) Complex structure and regulation of theP16 (MTS1) locus. 
Cancer Res. 55, 2988-2994. 

22. Kamijo, T., Bodner, S., van de Kamp, E., Randle, D. H., and Sherr, C. J. (1999) 
Tumor spectrum in ARF-deficient mice. Cancer Res. 59, 2217-2222. 

23. Kamijo, T., et al. (1997) Tumor suppression at the mouse INK4a locus mediated 
by the alternative reading frame product pl9ARF. Cell 91, 649-659. 

24. Watson, J. E, et al. (1999) Identification and characterization of a homozygous 
deletion found in ovarian ascites by representational difference analysis. Genome 
Res. 9, 226-233. 

25. Czerniak, B., et al. (1999) Superimposed histologic and genetic mapping of chro¬ 
mosome 9 in progression of human urinary bladder neoplasia: implications for a 
genetic model of multistep urothelial carcinogenesis and early detection of uri¬ 
nary bladder cancer. Oncogene 18, 1185-1196. 

26. Farrell, W. E., et al. (1997) Chromosome 9p deletions in invasive and noninvasive 
nonfunctional pituitary adenomas: the deleted region involves markers outside of 
the MTS1 and MTS2 genes. Cancer Res. 57, 2703-2709. 

27. Liu, L., et al. (1999) Mutation of the CDKN2A 5' UTR creates an aberrant initia¬ 
tion codon and predisposes to melanoma. Nat. Genet. 21, 128-132. 

28. Bahuau, M., et al. (1998) Germ-line deletion involving the INK4 locus in 
familial proneness to melanoma and nervous system tumors. Cancer Res. 58, 
2298-2303. 

29. Tucker, M. A., et al. (1993) Risk of melanoma and other cancers in melanoma- 
prone families. J. Invest. Dermatol. 100, 350S-355S. 

30. Goldstein, A. M. and Tucker, M. A. (1995) Genetic epidemiology of familial 
melanoma. Dermatol. Clin. 13, 605-612. 

31. Battistutta, D., et al. (1994) Incidence of familial melanoma and MLM2 gene. 
Lancet 344, 1607-1608. 

32. MacLennan, R., Green, A. C., McLeod, G. R., and Martin, N. G. (1992) Increas- 


722 


Hogg et al. 


ing incidence of cutaneous melanoma in Queensland, Australia. /. Natl. Cancer 
Inst. 84, 1427-1432. 

33. Goldstein, A. M., et al. (1994) Linkage of cutaneous malignant melanoma/ 
dysplastic nevi to chromosome 9p, and evidence for genetic heterogeneity. Am. 
J. Hum. Genet. 54, 489-496. 

34. Soufir, N., et al. (1998) Prevalence of pl6 and CDK4 germline mutations in 48 
melanoma-prone families in France. The French Familial Melanoma Study Group. 
Hum. Mol. Genet. 7, 209-216 (published erratum appears in Hum. Mol. Genet. 
1998;7[5]:941). 

35. Zuo, L., et al. (1996) Germline mutations in the pl6INK4a binding domain of 
CDK4 in familial melanoma. Nat. Genet. 12, 97-99. 

36. Traboulsi, E. I., Zimmerman, L. E., and Manz, H. J. (1988) Cutaneous malignant 
melanoma in survivors of heritable retinoblastoma. Arch. Ophthalmol. 106, 
1059-1061. 

37. Consortium, T. B. C. L. (1999) Cancer risks in BRCA2 mutation carriers. J. Natl. 
Cancer Inst. 91, 1310-1316. 

38. Tucker, M. A., et al. (1997) Clinically recognized dysplastic nevi: a central risk 
factor for cutaneous melanoma. JAMA 277, 1439-1444. 

39. Greene, M. H. (1997) Genetics of cutaneous melanoma and nevi. Mayo Clin. Proc. 
72, 467-474. 

40. Hashemi, J., Linder, S., Platz, A., and Hansson, J. (1999) Melanoma development 
in relation to non-functional pi6/INK4A protein and dysplastic naevus syndrome 
in Swedish melanoma kindreds. Melanoma Res. 9, 21-30. 

41. Tucker, M. A., Misfeldt, D., Coleman, C. N., Clark, W. H. Jr., and Rosenberg, S. A. 
(1985) Cutaneous malignant melanoma after Hodgkin’s disease. Ann. Intern. Med. 
102, 37-41. 

42. Raghavan, D., et al. (1994) Multiple atypical nevi: a cutaneous marker of germ 
cell tumors. J. Clin. Oncol. 12, 2284-2287. 

43. Lai, G., et al. (2000) Patients with both pancretic adenocarcinoma and mela¬ 
noma may harbor germline CDKN2A mutations. Genes, Chromosomes, Cancer 
27, 358-361. 

44. Shennan, M. G., et al. (2000) Lack of germline CDK6 mutations in familial mela¬ 
noma. Oncogene 19, 1849-1852. 

45. Ruas, M. and Peters, G. (1998) The pl6INK4a/CDKN2A tumor suppressor and its 
relatives. Biochim. Biophys. Acta. 1378, F115-F177. 


8 _ 

Role of Molecular Biology in Diagnostic Pathology 
of Melanoma 

Andrzej Slominski, Andrew Carlson, Jacobo Wortsman, 
and Martin C. Mihm 

1. Introduction 

Cutaneous melanoma is the most rapidly increasing malignancy in the white 
European population; its clinical significance is enhanced because it can affect 
younger individuals (1-3). The high mortality rate among melanoma patients, 
second to lung cancer, is related to melanoma’s resistance to therapy once the 
metastastic process has started (4-6). The tumor derives from epidermal mel¬ 
anocytes, either activated or genetically altered; thus, important precursors 
include activated melanocytes present within solar lentigo or forming prema- 
lignant lesions such as lentigo maligna (7-10). Melanoma can also arise from 
relatively benign or atypical nevomelanocyte lesions (7-10). Benign lesions 
that can nevertheless result in melanoma include congenital melanocytic 
nevus, nevus of Ota, nevus of Ito, and cellular blue nevus. The atypical lesions 
with the same possible outcome are represented by acquired dysplastic 
melanocytic nevus, melanocytic dysplasia on the acral or mucosal surface, 
spindle cell and/or atypical epithelioid melanocytic nevus (Spitz nevus), and 
dysplastic and/or congenital nevus spilus (7-10). 

The standard tool for the diagnosis of pigmented lesions is the histologic 
examination, which allows assessment of the level of dysplasia, separation of 
premalignant from malignant lesions, and prediction of the behavior of mela¬ 
noma (6-15). In this regard, determination of the presence of well-defined his¬ 
topathologic features and assessment of clinical variables contribute 
significantly to establish terminal prognosis and optimal management by help¬ 
ing in the design and implementation of specific therapeutic strategies (6-15). 
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For example, melanomas recognized early, at the radial growth phase (RGP), 
when the disease is still localized and restricted to the skin, can be cured by 
proper surgical excision. Conversely, the appearance within a primary lesion 
of a new cell population with metastatic capability is recorded histologically as 
vertical growth phase (VGP). This stage has a fundamental impact on the clini¬ 
cal course of the disease, because it conveys a marked decrease in life expect¬ 
ancy and requires additional therapeutic efforts (7-15). 

Recent advances in the genetics, molecular biology, and immunology of 
melanoma have provided the background for the development of new markers 
to predict tumor behavior and metastatic potential (16-20). Furthermore, novel 
immunotherapy and gene therapy protocols have raised hopes that metastatic 
melanoma may eventually become curable (21-28). Indeed, the current chal¬ 
lenge for both academic and practicing pathologists is to determine which of 
the new molecular tests should become part of a standard pathology report, and 
in what context they should be included. The objective of the supplementary 
information added to the standard clinical and histologic descriptions is to 
increase significantly the accuracy of melanoma diagnosis and prognosis and, 
thus, contribute to the design of the optimal therapy. It is therefore important to 
become familiar with the rapidly growing knowledge of the biology of mela¬ 
noma to determine its proper clinical and pathologic context. The present 
review includes current as well as accepted concepts on melanoma. It empha¬ 
sizes what, in our opinion, represents the most promising areas of clinical and 
diagnostic value, while attempting to predict future therapeutic strategies based 
on the new information. Areas where rigorous testing of new data are yet to be 
performed or that are openly controversial have been purposefully left out of 
this presentation. 

2. Dermatopathologic Criteria for Diagnosis of Melanoma 

The American Joint Committee on Cancer recommends a four-stage system 
for the classification of melanoma: stages I and II, with tumor thickness 
<4 mm, indicate localized growth; stage III, with tumor thickness >4 mm, pres¬ 
ence of satellite lesions within 2 cm, or involvement of regional lymph nodes, 
indicates regional involvement; and stage IV indicates distant metastases 
(4-10). In stages I and II, survival depends on the level of invasion according 
to the classification of Clark, the measured tumor thickness defined by Breslow, 
the type of growth, and the dermatopathologic and clinical criteria listed in 
Table 1. Most of these criteria are considered as independent variables, and as 
such they directly affect patient survival (7-15). 

In melanoma, one of the most important criteria for prognosis is the type of 
growth, i.e., in situ pattern or a radial or VGP (Figs. 1-3). RGP melanomas 
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Table 1 

Melanoma Profile 


Histologic and Clinical Variables 


1. Body sites' 3 

2. Sex" 

3. Age" 

4. Classification 

5. Clark’s level" 

6. B reslow’s depth" 

7. Tumor-infiltrating lymphocyte responses 

8. Regression" 

9. Dermal mitoses" 

10. Radial growth phase" 

11. Vertical growth phase" 

12. Satellitosis" 

13. Ulceration" 

14. Angiolymphatic spread 

15. Neurotropism 

16. Margins" 

17. Cell phenotype 

18. Coexisting nevus 

"Independent variables predicting survival of melanoma patient 
(9,11,12,15). 


typically exhibit an admixture of brown/tan or pink/white coloration. At this 
stage, melanoma cells may be either confined almost exclusively to the 
intraepidermal compartment (in situ RGP) (Fig. 1) or invade the papillary der¬ 
mis (invasive RGP) in the form of single cells or small nests of melanocytes 
similar in size and number (no more than 5-10 melanoma cells) (Fig. 2). These 
melanocytes are deposited along the dermal epidermal junction, replacing the 
basilar region, and/or in a pagetoid spread but with similar cytology. Mitoses 
are frequently seen in the epidermis but rarely present in the papillary dermal 
component. The nest aggregates do not become expansile. An inflammatory 
response by lymphocytes is commonly elicited in the papillary dermis. Occa¬ 
sionally, single cells may infiltrate into the upper reticular dermis. On initial 
biopsy, the thickness at RGP is <0.76 mm in 97% of melanomas with tissue 
invasion at level II in 93% of them. Of note, the RGP melanoma is associated 
with a long metastasis-free survival—according to some investigators at least 
13.7 yr (12-14). 
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Fig. 2. RGP of invasive superficial spreading melanoma. 
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Fig. 3. VGP of invasive superficial spreading melanoma. 


The VGP is classified as early and late (developed). In the early VGP, a 
small papulonodule supervenes in an RGP lesion, usually of a darker colora¬ 
tion or blue/black. In in the papillary dermis, early VGP appears as small 
expansile cell aggregates of a type different from that of RGP, and in larger 
numbers (often 20-25); mitotic figure may also be seen. In the developed VGP 
melanoma (Fig. 3), the cells grow in the form of expansile nodules in the der¬ 
mis, whose cytology is frequently different from the melanoma cells in the 
overlying epidermis. For example, the intraepidermal melanocytes may be of 
epitheliod shape with very fine melanin granularity, whereas the correspond¬ 
ing dermal nodules may consist of spindle cells, small epitheliod cells, or a 
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mixed pattern. Mitotic figures are variably present and melanoma cells may 
extend into the reticular dermis or even subcutaneous fat. In the VGP, epider¬ 
mal nodules are larger than those of the RGP intraepidermal nests. Survival in 
the VGP is related directly to the measured depth of invasion; it is also influ¬ 
enced by the presence of a regression, of a tumor-infiltrating lymphocyte 
response, dermal mitotic activity, ulceration, and satellitosis. Additional prog¬ 
nostic factors include gender, age, and anatomic site. In general, when reach¬ 
ing the VGP, melanoma cells gain metastatic competence. 

The prognosis for stage I and II disease also correlates with the more tradi¬ 
tional melanoma subtypes with better prognosis for lentigo maligna melanoma 
(LMM) and superficial spreading melanoma (SSM) than for nodular melanoma 
or acral-lentiginous melanoma (ALM) (4-10). LMM is limited to the most 
sun-exposed areas of the skin and is characterized by a prolonged period of 
intraepidermal or radial growth (long RGP). At this stage the melanoma is 
composed of pleomorphic melanocytes confined to the basal region of a mark¬ 
edly atrophic epidermis above the dermal changes consisting of marked solar 
elastosis and the presence of a chronic inflammatory infiltrate. In SSM, the 
malignant melanocytes proliferating in the epidermis have monotonous mor¬ 
phologic features with prominent nuclei and variable cytoplasm filled with fine 
melanin granules. This intraepidermal growth phase is generally of shorter 
duration than in LMM. ALM is the most common form of melanoma in dark- 
skinned persons; it has an RPG and involves the palms, soles, and nail beds 
(Fig. 4). Similar to LMM, in ALM atypical melanocytes are confined to the 
dermal-epidermal junction, but the epidermis is usually hyperplastic. Melano¬ 
cytes are large and uniformly atypical with prominent dendrites surrounded by 
a striking clear space. ALM has more aggressive behavior than LMM. While 
still at RGP, LMM, SSM, and ALM can be completely cured by surgical 
removal, because it is at the VGP that tumors acquire a potential for metastases. 
Nodular melanoma exhibits a pure VGP, and the disease cannot be detected at 
the intraepidermal growth phase or RGP. 

Once the VGP stage has been reached, the appearance of a new cell popula¬ 
tion with metastatic capability decides the clinical course of the disease (12-15). 
The process of melanoma metastasis is composed of several well-defined and 
interrelated steps whose temporal sequence is determined by the intrinsic bio¬ 
logic behavior of melanoma cells and the host response (29). These steps com¬ 
prise extensive vascularization of the tumor mass, local invasion of stroma 
including invasion by lymphatic and hematogenous capillaries, interactions 
with blood cell components, and formation of small cell aggregates. These 
melanoma cell aggregates can survive in the circulation and potentially arrest 
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Fig. 4. Acrolentiginous melanoma. 


in target organs, through adhering to capillary endothelial cells or to the suben- 
dothelial basement membrane. Following cellular extravasation and establish¬ 
ment of the proper microenvironment for growth and proliferation in the 
parenchyma of the target organ, a tumor vascular network develops and there 
is continued evasion of the host immune system. To produce clinically detect¬ 
able metastasis, again, melanoma cells must complete all these processes (29). 

Metastatic disease causes a dramatic decrease in the survival of patients with 
stage III and IV melanomas (4-12). When the regional lymph nodes are 
involved, survival time decreases to approx 30-40% at 5 yr, with worsening of 


130 


Slominski et al. 


the prognosis as the number of involved lymph nodes increases, extranodal 
disease becomes apparent, and the primary tumor increases in thickness and 
ulcerates (4-15). The prognosis is also worse for primary tumors localized in 
the trunk vs extremities. Once distant metastases are present, the disease is 
almost incurable and median survival is approx 6 mo (4-11). Other factors 
predicting unfavorable prognosis are an increased number of metastases, 
involvement of visceral sites, and shorter duration of remission. In addition, 
gender may influence the course of the disease, with worse prognosis for males 
than females. 

3. Role of Constitutional and Environmental Factors 
in Etiology of Melanoma 

Genetic, constitutional, and environmental factors interact in the etiology 
and pathogenesis of melanoma (1-9,16-19,30-32). Thus, familial incidence 
of melanoma, skin type, and history of sun exposure result in specific impacts 
on the etiology, pathogenesis, and progression of pigmented lesion, respec¬ 
tively. Clinical information on these variables as well as racial groups, gender, 
age, number of pigmented nevi, and number of large nevi are therefore all 
important for the diagnosis and prognosis of pigmented lesions. Overall, approx 
10% of patients with cutaneous melanomas have a family history and are asso¬ 
ciated with the familial atypical multiple mole melanoma (FAMMM) syndrome 
(4,17,18). In these cases, studies on chromosomes and gene aberrations are 
advisable and should be reported by a pathologist when available (for rationale 
see Chapter 9). 

There is a close relationship between racial group and incidence of cutane¬ 
ous melanoma; the highest incidence is found in white European and the low¬ 
est frequencies in black African, dark Asian, and East Oriental populations 
(1-10). The effect of racial groups is further emphasized by the relatively 
higher incidence of melanoma on acral sites with a less favorable course of the 
disease among African-American and Asian populations. Another factor that 
correlates with racial and ethnic background is skin type (1-10). Thus, there is 
an inverse correlation between skin type and a probability of melanoma, which 
is the highest in the photosensitive skin of type I and lowest in the tanning- 
prone skin of type IV. Finally, individuals with red or blond hair and blue eyes 
are more susceptible to develop melanomas. 

In general, women with melanomas have a better rate of survival than men 
(4). This has been rationalized by a potential suppressive effect of estrogens 
acting directly on melanocytes or through the local or systemic immune stimu¬ 
lation. It is known that melanocytes and immune cells express receptors for 
estrogen and androgens; thus, they are potentially able to modify melanocyte 
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function and modulate local and systemic immunity (33,34). We recently 
reported that cultured human melanoma cells can metabolize progesterone, and 
that the intermediate products of this metabolism include biologically active 
steroids such as deoxycorticosterone, corticosterone, and 180HD0C (35). 

Patient age also influences the risk of melanoma and the clinical type of 
potential malignant pigmented lesions. Thus, the risk of developing melanoma 
is higher in individuals older than 15 yr than in younger children (1-4). This 
observation implies a role for endocrine factors on melanocyte fuction and 
skin environment that results in more permissive conditions for melanocyte 
carcinogenesis after puberty. Some premalignant or malignant pigmented 
lesions such as lentigo maligna or melanoma of lentigo maligna type are in fact 
characteristic of older age (4,8,9). Other constitutional factors, inherited or 
environmental, that may affect clinical expression are the number, size, and 
type of melanocytic nevi (1-9). For example, the risk of developing a mela¬ 
noma in patients having 50 nevi >2 mm, 12 nevi >5 mm, 5 nevi >7 mm, and 
5 nevi >5 mm increases by factors of 64, 41, 16, and 10, respectively, over the 
risk in the average population (4-6). Lesions with a relatively lesser risk include 
benign or atypical nevomelanocytic lesions such as nevus of Ota and Ito, con¬ 
genital nevus, cellular blue nevus, dysplastic and/ or congenital nevus spilus, 
atypical Spitz nevus, and acquired dysplastic nevus (1-10). 

4. Role of Inherited and Acquired Genetic Alterations 
in Melanoma 

4.1. Chromosomal Aberrations 

Benign nevi demonstrate a normal karyotype, whereas dysplastic nevi or 
atypical nevi of patients with FAMMM syndrome usually show chromosomal 
abnormalities (reviewed in refs. 1,4,16-19, and 30). The FAMMM syndrome 
is of particular interest because the recurrent chromosomal abnormalities 
detected in the atypical nevi have also been found in fibroblasts and lympho¬ 
cytes (cf. refs. 4 and 18). Several studies have demonstrated a linkage of 
the FAMMM syndrome to 9p21 with pl6 being the most frequently mutated 
gene ( see below) (1,4,16-19,30). An earlier study showed a linkage to chro¬ 
mosome lp36 (17,18). 

Benign melanocytic tumors with abnormal karyotype are diploid or 
pseudodiploid without recurrent chromosomal aberration. Sporadic dysplastic 
nevi have shown a significant rate of loss of heterozygosity (LOFI) in chromo¬ 
somes lp and 9q (36). Furthermore, studies in dysplastic melanocytic nevi 
showed a predominant allelic deletion at chromosome 9p21 (pi6 locus), 
accompanied in some cases by allelic deletion in 17p 13 (p53 locus); none of 
these changes were seen in benign nevi (37). Cytogenetic heterogeneity has 
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also been reported in some Spitz nevus (38). These observations support the 
hypothesis that there is a genetic predisposition for progression to melanoma 
in some melanocytes of dysplastic nevi. Telomerase activity, a potential 
tumoral marker, is higher in dysplastic than in benign common melanocytic 
nevi and increases further during progression to melanoma (39). 

Chromosomes 1, 6 , 7, 9, and 10 are most commonly affected in melanoma 
(1,4,6-9,16-18,30-32,40-44). In chromosome 1, frequent structural rearrange¬ 
ments include translocations or deletions of lp 12-22 (cf. ref. 17), LOH in lp 
(17,45,46), and deletion of lp36 (17,47). A putative tumor suppressor gene is 
located on lp36 and deletion of lp36 is frequently found in nodular melanoma; 
this deletion is also more frequent at the higher Clark levels (17,47). Concern¬ 
ing chromosome 6 , the most commonly noted changes have been nonreciprocal 
translocations or deletions involving 6qll-6q24 (16,17,31,32,43,46) and 
increased frequency of LOH in 6 q (48-50). Chromosome 6 may contain a 
tumor supressor gene for malignant melanoma (51,52). The abnormalities in 
chromosome 7 include the loss or gain of this chromosome (30,43,46,47,53). 
Gain of chromosome 7 may be associated with increased expression of epider¬ 
mal growth factor receptor (EGF-R) located at 7p 12-13 (54). It is also interest¬ 
ing and potentially important that the human homolog of a platyfish and 
swordfish tumor suppressor gene, Tu, maps to 7pl 1-13 (cf. ref. 17). Regarding 
chromosome 10 , its loss is frequently associated with progression of mela¬ 
noma (17,30,53,55,56), and the nma gene, a potential inhibitor of metastatic 
potential, is located in chromosome lOpl 1.2-pl2.3 (57,58). Additional studies 
on the relationship between melanoma karyotype and clinical progression have 
demonstrated that abnormalities in chromosomes 7 and 11 are linked to shorter 
survival of melanoma patients. 

The cytogenetic changes of chromosome 9 deserve special attention because 
of strong evidence that a defect in chromosome 9p21 may play an important 
role in the development of melanoma (1,4,16-19,30,41,42,46,59-66). Thus, it 
has been proposed that this region encodes tumor suppressor genes (59-66). 
For example, the tumor suppressor gene pl 6 INK4 that maps to chromosome 
9pl3-22 contains the putative locus of familial melanoma (17,18,59-64). 
Moreover, melanomas frequently carry nonsense, missense, frameshift, or 
p 1 6 INK4 deletion mutations (18,59,60,62-64). The pl5 INK4B tumor suppressor 
gene, is also located on chromosome 9p21, and its possible role in melanoma 
progression is emphasized by the recent finding of homozygous deletion of 
p 15 INK 4 B j n some melanomas despite retention and expression of pl 6 INK4 (67). 

4.2. Mutations in Tumor Suppressor Genes and Oncogenes 

The product of the cyclin-dependent kinase (CDK) pl 6 , which acts at the 
Gl/S checkpoint of the cell cycle, is considered the tumor suppressor gene 
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most important in the development of melanoma (16-18,59-66). Mutations, 
LOH, and deletion in the pl6 locus have been frequently reported in sporadic 
and familial melanomas, and the decreased expression of pl6 was reported to 
correlate positively with more aggressive melanoma behavior (16-18,59-66). 
However, mutations at pl6 locus were also detected in normal melanocytes 
and in benign compound nevi lacking signs of clinical or histologic atypia (68)', 
a high frequency of pl6 deletions was seen in primary and metastatic tumoral 
cell lines but not in metastatic melanoma specimens (69). This suggests that 
the loss of pl6 gene may not represent an initiating event in human melanocytic 
transformation and progression (68). In addition, analysis of familial melano¬ 
mas from Australia suggests that mutation of other genes closely linked to pl6 
on chromosome 9p may be involved in some hereditary melanoma kindreds 
(62). It has been suggested that germline p 16 mutation explains most, if not all, 
9p21-linked familiar melanomas, whereas the genetic basis of non-9p21-linked 
melanoma kindreds remains to be identified (70). Analysis of melanoma 
kindreds that do not carry germline pl6 mutations has shown specific muta¬ 
tions in the pl6 binding domain of CDK4 that generate a dominant ocogene 
resistant to normal physiologic inhibition by pl6 (70). Recent immunocy- 
tochemical studies on expression of p 16 INK4 and CDK4 proteins showed char¬ 
acteristic overexpression of CDK4 in malignant melanoma ( 69). Thus, although 
p 16 is still the best candidate for tumor suppressor gene in melanoma, further 
studies on its role and that of other cell-cycle regulatory proteins are necessary 
to define their participation in the progression of melanoma. Among important 
issues that need clarification is whether the frequent inactivation of the pl6 INK4 
gene in melanoma lines reflects a tissue culture artifact or whether it is opera¬ 
tive in vivo (66). 

Other genes coding proteins regulating cell cycle and potentially involved 
in melanocyte transformation include pl5 and pl9, which are located on chro¬ 
mosome 9p (17,41,59,63,67). Genes that may inhibit melanoma metastatic 
potential and therefore represent potential candidates for tumor suppressors 
include nm23, nmb, and nma (17,40,46,57,58). Specifically, expression of 
nm23 correlates inversely with tumor progression (18,46). An additional can¬ 
didate for melanoma tumor supressor gene is p53, the most commonly mutated 
gene that has been implicated in the etiology of many neoplastic disorders. To 
date, the correlations between p53 gene rearrangement or altered expression of 
p53 protein and progression of melanocytic lesion has not been significant (71). 
This is in contrast to epidermal skin cancers in which a high frequency of 
mutation at p53 locus has been noted (72). Nevertheless, some investigators 
suggest that p53 could still have a pathogenic role in melanoma, albeit in a 
more complex relationship. Thus, p53 could act on downstream effector genes 
as MDM2, GADD45, and CIP1/WAF1, an effect detected in human melanoma 
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cell lines (73). It is also postulated that modulation of p53 expression may 
change the response of melanoma cells to chemotherapeutic agents (74). Thus, 
further studies on the role of p53-activated pathways in melanoma biology are 
warranted (75). 

Expression of the Ha-, Ki-, and N-ras protooncogenes in melanoma cells 
has been reported (17,40,46). Cultured metastatic melanomas expressing 
mutated N- and Ki-ras displayed high expression of EGF-R and dedifferenti¬ 
ated phenotype (17,40,46). The mutated ras genes were detected in approx 
5-6% of melanoma specimens (46), and mutation in N-ras has been found 
most frequently at sun-exposed areas (17,19). The Ki-ras mutation has also 
been found in benign nevi besides primary and metastatic melanomas (46). 
Although ras may play a role in proliferation of melanoma cells, its function in 
the development of melanoma remains to be clarified. 

Altered expression of nuclear oncogenes c-myb, c -myc, c -fos, and c -jun was 
reported in cultured melanoma cells (17,40,46,76). However, the random char¬ 
acter of these changes and lack of clear-cut relation to defined stage of progres¬ 
sion of melanocytic lesion do not support their use as prognostic markers. 
Similarly, the expression of c-src, a nonreceptor membrane-associated tyrosine 
kinase, did not reveal significant differences between cultured melanocytes 
and melanoma cells (17,46). The c -kit protooncogene encodes the transmem¬ 
brane tyrosine kinase receptor KIT/SCF-R (77). The KIT receptor plays an 
important role in the migration and differentiation of melanoblasts toward 
melanocytes (77). The KIT receptor acts as a regulator of melanocyte prolif¬ 
eration and differentiation, but its potential role in the development of mela¬ 
noma remains unclear. 

5. Growth Factors, Cytokines, and Their Receptors 

Several growth factor transduction systems can regulate melanocyte pheno¬ 
type, including basic fibroblast growth factor (bFGF), mast cell growth factor 
(MGF), hepatocyte growth factor (HGF), transforming growth factor-a (TGF-a), 
insulin growth factor-1 (IGF-1), neuron growth factor (NGF), and endothelins 
(78-84). bFGF acts as a growth-stimulating factor and plays a central role as a 
growth regulator in normal melanocytes (78,79). Melanoma cells cultured in 
vitro do not require exogenous bFGF because of autocrine stimulation by 
endogenously produced bFGF (78,79). Accordingly, both antisense deoxy- 
nucleotide against bFGF and anti-bFGF antibodies inhibit the growth of mela¬ 
noma cells (46,79). Moreover, in situ studies show that bFGF expression is 
absent in epidermal melanocytes but easily detectable during progression of 
melanocytic lesion (85). Because bFGF lacks the signal peptide necessary for 
extracellular secretion, the autocrine role of bFGF in the development of mela- 
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noma has been questioned (46,80). However, a mechanism for the secretion of 
peptide hormones lacking signal peptide has been described recently (86). 

HGF and MGF stimulate melanocyte growth similar to bFGF, through acti¬ 
vation of membrane-bound receptors that have intrinsic tyrosine kinase activ¬ 
ity (17,40,46,79,80). HGF operates on the c-met receptor and MGF via the 
protein product of the c -kit protooncogene. The c -kit encodes the Kit/stem cell 
factor receptor (SCF-R) of 145 kDa that regulates proliferation and differentia¬ 
tion of melanocytes. Endothelins can also regulate proliferation, motility, and 
differentiation of melanocytes (17,81). 

Other hormones that can modify the phenotype of normal and malignant 
melanocytes include insulin (87-89) and melatonin (90,91). Insulin can stimu¬ 
late the growth of some melanoma cells, both in vivo and in vitro. Studies 
performed by Kahn et al. (87) have provided evidence that insulin can also 
inhibit the proliferation of melanoma cells depending on the genotype of the 
target cells. In several mutant melanoma lines, insulin inhibited growth, simi¬ 
lar to its effects in wild-type melanocytes; however, other mutant lines were 
stimulated by insulin or were resistant to the hormone (87,89,89). The com¬ 
mon thread in the lines responsive to insulin was the presence of a specific 
protein of approx 85-90 kDa (pp90) in the phosphorylated state (93,94). The 
insulin-resistant lines were characterized by decreases or loss of pp90 and 
defects in the a- and (3-subunits of the insulin receptor (89,94). It was then 
suggested that the (3-subunit of the insulin receptor underwent adenosine triph¬ 
osphate-dependent partial proteolysis in the mutant lines, making the cells 
resistant to the antiproliferative action of the insulin (89). Such inactivation of 
signal transduction would allow the tumor cells to escape growth-regulatory 
control by insulin. 

Melatonin is a pineal gland hormone, first isolated and characterized by 
Lerner et el. (95), whose pharmacologic concentrations can inhibit melanogen- 
esis in normal follicular melanocytes and in cultured melanoma cells (90,91). 
Binding sites for melatonin have been detected in membrane preparation of 
rodent skin and in membrane fraction and purified nuclei from melanoma cells 
(90,91). These targets become interesting when considering that mammalian 
skin has the potential to synthesize and metabolize melatonin (96). It has been 
proposed further that defective melatonin receptors may participate in the 
development of vitiligo (97). 

The cytokines tumor necrosis factor-a (TNF-a), interleukin-1 (IL-1), and 
IL-6 can inhibit melanocyte proliferation and melanogenesis (98). In addition, 
TNF-a, IL-1, IL-6, IL-7, intcrfcron-v (ILN-y), and TNL-(3 can upregulate the 
expression of intercellular adhesion molecule-1 and major histocompatibility 
complex (MHC) class II molecules on melanocytes (17,40,46,79,80,99,100). 
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Eicosanoids can stimulate growth (LTC 4 and LTD 4 ), cell motility (LTC 4 ), and 
stimulate (LTB 4 ) or inhibit (LTB 4 ) melanogenesis (80,100). Melanocytes can 
also produce and secrete various peptide hormones, cytokines, eicosanoids, 
and extracellular matrix components (79,80,100). These include proopto- 
melanocortin (POMC)-derived adrenocorticotropic hormone (ACTH), melano¬ 
cyte stimulating hormone (MSH), and (3-endorphin (101)', IL-1, IL-3, IL-6, and 
IL-8; granulocyte macrophage colony-stimulating factor (GM-CSF); TGF-a 
and TGF-|3; TNF-a; MCAF; 12-HETE; 12-HHT; LTB 4 ; fibronectin; laminin; 
thrombospondin; and plasminogen activator (17,40,46,79,80,100). 

Of interest for prognostic purposes, in situ analyses of the expression and 
localization of several receptors, including NGF, transferrin, and EGF (102-104) 
and of growth factors such as TGF-a (105), TGF-|3 (106-108), and IGF-1 
(109), may correlate with stage of development of melanocytic lesion. Thus, in 
situ analyses demonstrate increased expression of TGF-|3 in advanced stages 
of development of melanoma in comparison to low levels of expression in 
benign lesions (106-108). However, the progression of melanoma does not 
change in parallel with TGF-|3 receptor expression, although there may be some 
correlation between the progression of melanoma and increased expression of 
IGF-1 or EGF-R (104,109). Recent studies have shown the production rate of 
TGF-a by dysplastic nevi to be higher than in benign nevi, supporting the pre¬ 
vious hypothesis that the TGF-a/EGF-R system could play a role in the evolu¬ 
tion of melanocytic lesions (104,105). 

Melanomas produce several additional growth factors and cytokines and 
express their corresponding receptors. These include keratinocyte growth factor 
(KGF), platelet-derived growth factor-a (PDGF-a), PDGF-|3, SCF, MGSA/gro, 
IF-la, IF-1(3, IF-6, IF-7, IF-8, IF-10, IF-12, GM-CSF, G-CSF, TNF-a, IFNy, 
and IFN-(3 (17,40,46,78-81,101,110-115). Many of these factors can poten¬ 
tially act as regulators of melanoma cell proliferation, differentiation, and mo¬ 
tility. They can also stimulate angiogenesis and induce expression of major 
histocompatability antigens, cell adhesion molecules, integrins, nonintegrin 
matrix adhesion receptors, and extracellular matrix proteins on melanocytes 
and surrounding cells. Simultaneously, many of these factors can modify fur¬ 
ther the local immune system after being produced within the tumor by cells 
other than malignant melanocytes. The complexity of the interactions suggests 
that testing for single factor expression with costly assays may be of limited 
diagnostic value. In this context, it is important to note that expression of 
multicytokine resistance and multi-growth factor autonomy owing to autocrine 
stimulatory mechanisms are characteristic for advanced stages of melanoma 
(113). It has been suggested that, in contrast to VGP, RGP melanomas are 
deficient inducers of angiogenesis, are highly sensistive to several cytokines 
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and growth factors, and are more sensitive to undergoing apoptosis under a 
variety of growth conditions (111). 

6. Melanocortin System 

The POMC-derived neuropeptides MSH and ACTH can modify the pheno¬ 
type of normal and malignant melanocytes (17,17,82,100,101,116-122). Both 
ACTH and MSH stimulate proliferation, melanogenesis, and dendrite forma¬ 
tion through interaction with specific cell-surface receptors (82,100,101,116-120). 
Transduction of the melanotropic signal in melanocytes starts with the activa¬ 
tion of cell-surface receptors coupled to the G-stimulatory protein complex 
and involves stimulation of adenylate cyclase with cyclic adenosine mono¬ 
phosphate (cAMP) production (82,100,101,116-122). In some melanomas, the 
signaling pathway proceeds through the activation of phospholipase C with 
changes in intracellular concentration of Ca 2+ (cf. ref. 82). In melanoma cells, 
the expression and activity of MSH receptors can be stimulated by UV light, 
dbcAMP, and MSH itself, and phosphorylated isomers of l-DOPA, L-tyrosine, 
retinoic acid, IL-1, IFN-a, IFN-|3, and IFN-y (123-132). The transduction of 
the a-MSH or ACTH signals in melanocytes is associated with activation 
of the MCI receptor (MC1-R) subclass (117-122). The possibility of expres¬ 
sion of other MC receptors, e.g., MC2-MC5, on pigment cells should be the 
subject of future studies. A possible role of MCI-R in the development of mela¬ 
noma is emphasized by finding that mutations at the MC1-R locus that lead to 
the red hair phenotype are also present in melanoma (133,134). 

Melanoma cells have been shown to express the gene for POMC that 
encodes the peptides ACTH, MSH, and (3-endorphin (100,101,135-139). 
ACTH, MSH, and |3-endorphin were found below the limit of detectability by 
immunocytochemistry in normal skin melanocytes and in benign blue nevi 
(136,137). By contrast, common and dysplastic melanocytic nevi showed weak 
positivity for a-MSH, ACTH, and (3-endorphin antigens, with a tendency for 
higher expression levels in dysplastic nevi (137). In melanoma, POMC anti¬ 
gens were easily detectable in a large number of cases, and the stain was also 
more intense and diffuse in the VGP of melanoma (136,137). Direct measure¬ 
ment of a-MSH with radioimmunoassay found detectable concentrations of 
the peptide in skin with melanoma (0.21-2.32 pmol/g of wt) and in lymph 
nodes with metastases (0.31-4.25 pmol/g of wt), which contrasted with very 
low (<0.2 pmol/g of wt) or undetectable levels of the peptide in normal skin 
(138). Even the serum levels of a-MSH-IR are increased in melanoma patients 
and are positively correlated with the more advanced clinical stage or level of 
invasion (139). Thus, local expression of POMC peptides such as MSH and 
ACTH could directly alter melanoma cell phenotype through auto-, intra-, or 
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paracrine mechanisms; alternatively, the peptide may act indirectly by affect¬ 
ing surrounding tissues such as immune elements or the vascular system 
(101,116,130,139,140). The end result would be further promotion of tumor 
growth and metastatic cascade. UV light (a positive punitive melanocyte car¬ 
cinogen) can also stimulate the production of MSH and ACTH as well as the 
expression of corresponding receptors (101,129-131,139). 

7. Melanogenesis 

An important diagnostic tool to separate melanoma from other tumors is the 
use of their ability to synthesize melanin and to express enzymatic and struc¬ 
tural proteins involved in this process. Melanin synthesis is initiated with the 
hydroxylation of L-tyrosine to L-dihydroxyphenylalanine (l-DOPA) and oxi¬ 
dation of l-DOPA to DOPAquinone (122,141-146). Both reactions are cata¬ 
lyzed by tyrosinase, the product of c locus (143). The limiting step of 
melanogenesis is tyrosine hydroxylation, and the velocity of the pathway 
depends on DOPA oxidation (122,141-146). The subsequent transformation 
of DOPAquinone to melanin can occur spontaneously; it is, however, acceler¬ 
ated by metal cations (147). Depending on the genotype and cellular environ¬ 
ment, melanogenesis generates the black pigment eumelanin, the reddish to 
yellow pigment pheomelanin, or mixed melanin that contains both components 
(122,147-149). The biochemical cascade leading to the formation of eumelanin 
starts with the transformation of DOPAquinone to leukoDOPAchrome, fol¬ 
lowed by a series of oxidoreduction reactions catalyzed by post-DOPA oxi¬ 
dase regulators (122,141-149). A second pathway involved in the synthesis of 
pheomelanin starts with the conjugation of DOPAquinone with cysteine or glu¬ 
tathione yielding cysteinylDOPA and glutathionylDOPA, which are then trans¬ 
formed into pheomelanin through a series of chemical reactions (147,148). 
Eumelanogenesis is controlled by multiple identical gene products (122,143- 
149), whereas the biochemical regulators of pheomelanogenesis are yet to be 
determined. Eumelanin differs from pheomelanin in chemical composition, 
structure, and physical properties (147,148). For example, eumelanin is char¬ 
acterized by the presence of paramagnetic centers that are solely of the semi- 
quinone type, whereas pheomelanin contains additional unpaired electrons near 
the nucleus of 14 N (150,151). These properties allow the identification and quan¬ 
tification of melanin type by electron paramagnetic spectroscopy (150-155). 

The enzymatic and structural elements of melanosomes are processed and 
assembled in different membrane compartments (117,122,156). The stage I 
premelanosomes are formed by a smooth membrane outpouching from the 
rough endoplasmic reticulum (157). In the eumelanogenic pathway, a fibrillar 
matrix is formed in stage II melanosomes, which are devoid of melanin. After 
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delivery of tyrosinase via vesicles from the trans Golgi reticulum, melanin 
synthesis begins and III melanosomes are formed. Stage IV melanosomes 
are represented by organelles filled with electron-dense melanin. Thus, tyrosi¬ 
nase is present only in stage II-IV but not in stage I melanosomes, and the 
tyrosine-related protein-1 (TRP-1) is delivered already from the endosomal/ 
lysosomal pathway to melanosome stage I and II (cf. refs. 117 and 158). The 
timing of incorporation or melanosome development stage for other melano¬ 
some-related proteins such as TRP-2, Pmell7, and p protein is still unclear. 
The mechanism of formation of pheomelanosomes is less precisely defined. 
Briefly, vesiculoglobular bodies are incorporated into stage I melanosomes. At 
stage II melanosomes, a vesiculoglobular matrix can be seen, on which 
pheomelanin is deposited. The process of pheomelanogenesis depends on the 
availability of cysteine to conjugate with DOPAquinone and form 
cysteinylDOPA, the precursor to pheomelanin (147,148). Under pathologic 
conditions, as in melanoma, this orderly process becomes defective: tyrosinase is 
incorporated and activated at stage I of melanosome formation and melanin is 
deposited within organelles of “grandular type” that do not contain either fibrillar 
or vesiculoglobular matrix (159,160). Melanosomes contain a proton pump that 
allows regulation of intramelanosomal pH and can incorporate cell-surface MSH 
receptors via the endocytic pathway (117). Those properties, together with the 
incorporation of lysosomal enzymes such as acid phosphatase and of lysoso¬ 
mal protective protein of LAMP, support the view that lysosomes and melano¬ 
somes share a common pathway of organellogenesis (117,161). 

Melanosomes are metabolically active organelles, and as such they may 
affect and regulate metabolic status and function of the host melanocyte or 
keratinocyte (cf. refs. 100 and 162). In this manner, melanosomes modify the 
energy-yielding metabolism by switching the oxidative catabolism to anaero¬ 
bic glycolysis (163), altering the intracellular NAD/NADH and NADP/ 
NADPH ratio (164), or stimulating the pentose phosphate pathway (165). The 
presence of pigment granules may also affect the function of the host cell by 
buffering calcium ions, or by reversibly binding bioregulatory compounds such 
as catecholamines, serotonin, and prostaglandins (cf. 166). 

The gene coding for tyrosinase, the crucial enzyme of melanogenesis, is 
approx 70 kb long, contains five exons, and maps to chromosome 11 q 
(82,122,167,168). Although there are several alternatively spliced products of 
the c-locus, only one expresses tyrosinase activity (169). It has been sugested 
that the different products of alternatively spliced tyrosinase mRNA may serve 
as receptors for L-tyrosine and l-DOPA, and may possibly act as positive regu¬ 
lators of differentiated functions of melanocytes (162,170). Newly synthesized 
tyrosinase is a protein of a molecular weight of 55 kDa that is glycosylated in 
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the Golgi complex, increasing in size to 65-72 kDa, although forms with higher 
molecular weight have also been described (146,171-175). It has been sug¬ 
gested that tyrosinase can act as a regulatory protein by controlling intracellu¬ 
lar levels of l-DOPA (176)', l-DOPA is a potential intracrine regulator of gene 
expression (170,176-180). Other members of the tyrosinase gene family 
encode two other TRPs: TRP-1 (gp75 or b-locus protein) and TRP-2 (homolog of 
slaty locus in mice). These are cysteine-rich membrane-bound proteins with 
two copper binding sites and share about 40% amino acid homology (181- 
187). The promoter region of the TRP family contains an M box, which binds 
microphtalmia gene product, a transcription factor of the basic helix-loop- 
helix family (188,189). The TRP-1 gene is 15-18 kb long, contains eight exons 
separated by seven introns and is located on chromosome 9. TRP-1 acts as a 5,6- 
dihydroxyindole carboxylic acid (DHICA) oxidase generating indole-5,6- 
quinone-carboxylic acid (182,183). Its activity appears to be important in the 
pathway for eumelanogenesis, as opposed to pheomelanogenesis (173,190). 
The TRP-2 gene, which contains eight exons, is located on chromosome 13 
(185-187). TRP-2 protein acts as dopachrome tautomerase (191 ), which c atalyzes 
the enzymatic transformation of dopachrome to DHICA (145). Of interest, 
TRPs contain sequences that can interact to form multimeric complexes of 
200-700 kDa (175,184). These sequences are homologous to EGF, supporting a 
role as regulators of melanocyte-differentiated functions for TRPs, in addition to 
their mechanistic action as enzymes (162,170). 

Other melanogenesis-related proteins (MRPs) include protein Pmel 17, 
which maps to chromosome 12 and is homologous to silver locus in mice 
(192,193) (Table 2). Pmel 17 is a glycoprotein recognized by the HMB45 
monoclonal antibodies; it is located in the matrix of the melanosomes and con¬ 
tains cysteine- and histidine-rich regions (194-196). Alternate names for this 
protein are gplOO and HMB50. Pmel 17 catalyzes the polymerization of 
DHICA to melanin (197). A recently cloned p gene located on chromosome 15 
encodes a membrane-bound proteins with certain homology to bacterial trans¬ 
porter for tyrosine (198,199). Mutations at the p-locus can result in type II 
oculocutaneous albinism. Melanosomes also contain the lysosome-associated 
membrane proteins (LAMPs) which protect the lysosomal membrane from 
soluble hydroxylases (161,200). As mentioned above, the presence of LAMP- 
1, -2, and -3 proteins in melanosomes supports a common ancestral origin for 
melanosomes and lysosomes (200). It has been suggested that LAMP-1 may 
protect melanosomal integrity by acting as a scavenger of free radicals pro¬ 
duced during melanogenesis (200). The membrane-bound calcium-binding 
protein calnexin (p90) of 90 kDa may also be associated with the regulation of 
tyrosinase enzyme (200). 
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Table 2 

Melanogenesis-Related Proteins 


Protein" 

Function 

Clinical use 

Tyrosinase 

Tyrosine hydroxylase, 

Differentiation marker, target for 


DOPA oxidase 

immunotherapy 

TRP-l 

DHICA oxidase 

Differentiation marker, target for 
immunotherapy 

TRP-2 

DOPAchrome 

Differentiation marker, target for 


tautomerase 

immunotherapy 

Pmel-17 (gp75) 

Converts DHICA to 

Differentiation marker, target for 


melanin 

immunotherapy 

Mart-l/Melan-A 

Melanosomal protein 

Differentiation marker, target for 
immunotherapy 

P protein 

Melanosomal protein* 7 

Differentiation marker 

LAMP (1-3) 

Membrane-associated 

proteins 

Not determined 

Calnexin (p90) 

Protein chaperone 

Not determined 

MITF 

Transcriptional regulator 

Differentiation marker 


"TRP-l, tyrosine-related protein-1; TRP-2, tyrosine-related protein-2; LAMP, lysosome- 
associated membrane proteins; MITF, microphtalmia-associated transcription factor. 

^Unclear: regulatory protein, probably ion exchange protein [./. Invest. Dermatol. (2000) 
115, 607-613]. 

8. Markers of Melanogenesis in Diagnosis of Melanoma 
8.1. Melanin 

The finding of melanin is one of the most important markers to differentiate 
melanoma from other tumors. Melanin can be detected with standard histology 
techniques or with the histochemical Fontana-Masson method. Melanin con¬ 
centration as well as identification of its type (eu-melanin or pheomelanin) can 
be conveniently measured by electron paramagnetic spectroscopy spectroscopy 
from paraffin blocks or fresh tissue (152-155). The detection and quantifica¬ 
tion of melanin also provide information about possible therapeutic options 
and outcome. Thus, melanin can attenuate radio-, photo-, or chemotherapy 
(cf. refs. 100,152,166,201), whereas intermediate products of melanogenesis 
can suppress immune response (201-206). It is therefore likely that the pres¬ 
ence of melanogenesis products or melanin itself is responsible for unsatisfac¬ 
tory outcome to therapy with the exception of surgically removing localized 
lesions. Furthermore, uncontrolled melanogenesis by generating an oxidative 
environment and producing genotoxic and mutagenic intermediates (207-209) 
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can destabilize tumor cells and their microenvironment (97,201), resulting in 
the progression of melanoma (97,201), which is further amplified by the 
immunosuppressive effect of melanin precursors (201). The cytotoxicity of 
melanogenesis has also led to an experimental therapeutic strategy. This 
involves upregulation of melanogenesis with intratumoral delivery of poten¬ 
tially cytotoxic false precursors of melanin (210,211). 

8.2. Ultrastructure 

The ultrastructural marker of melanoma is the presence of melanosomes 
that are frequently abnormal in malignant lesions (212). A defect in mela- 
nosomal structure can cause the leakage of melanogenesis-related cytotoxic 
and potentially mutagenic products into other cellular compartments (159,212- 
214). Thus, electron microscopy can be used for the diagnosis of melanoma 
and also to predict behavior of the pigment cell on the basis of degree and type 
of melanosomal defect. 

8.3. Immunocytochemistry 

The S-100 antigen, although found in the majority of melanomas and thus 
having high sensitivity, is not a specific tool for the detection of melanoma 
because it is also expressed in other nonmelanocytic cells. Among the cur¬ 
rently used melanogenic markers, the HMB45 melanosomal antigen is less sen¬ 
sitive but highly specific for pigmented cells (194-196). Another melanosomal 
protein, MART-l/Melan-A, may also serve as a promising tool in the diagno¬ 
sis of melanoma (215). Tyrosinase enzyme represents a powerful marker of 
melanoma, because expression of tyrosinase gene is restricted to cells of 
melanocytic origin. In fact, tyrosinase protein or its mRNA can be detected 
even in undifferentiated amelanotic melanomas (116,159,173,216,217), includ¬ 
ing those in which lack of premelanosomes has been documented on the ultra- 
structural level (159). Most recently, tyrosinase expression has been detected 
in selected cases of desmoplastic melanoma. Therefore, we strongly recom¬ 
mend determination of tyrosinase as a powerful marker for the diagnosis of 
melanoma. In addition, the relative abundance of mRNA for tyrosinase in some 
undifferentiated amelanotic melanomas (173) allows the use of in situ hybrid¬ 
ization as a valuable diagnostic option. The same can be applied to the deter¬ 
mination of TRP-1, which is recognized by a commercially available antibody 
MEL-5, and TRP-2, which acts as dopachrome tautomerase. Expression of 
these genes and proteins is restricted to cells of melanocytic lineage. Thus, 
investigation of the melanosomal proteins, tyrosinase, TRP-1, and TRP-2, col¬ 
lectively called MRPs, should provide highly specific and sensitive (tyrosi¬ 
nase) tools for the separation of melanoma from other tumors. 
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One of the most important issues in the management of melanoma is the 
identification of melanoma cells in the sentinel lymph node (SLN). This 
becomes a problem when the SLN is negative for overt melanoma cells on 
hematoxylin and eosin sections. To detect metastatic disease, HMB-45 immu- 
nocytochemistry frequently lacks sensitivity, and S-100 immunocytochemis- 
try is nonspecific; for example, it also stains cells of nonmelanocytic origin. 
The last property introduces a high degree of subjectivity in final diagnosis, 
because it would be based on detection of atypia in immunopositive cells. In 
such a setting the use of antibodies against MART-1, tyrosinase, TRP-1, and 
TRP-2 could help in the identification of true melanoma cells. These immu- 
nocytochemistry tests could be complemented by molecular analyses (see below). 

8.4. Molecular Biology 

One of the most important problems in the management of melanoma is the 
development of a highly sensitive method to detect a metastatic process that 
influences markedly the staging of the disease. In this regard, it is important 
that the mRNA for MRP can be abundant even in amelanotic melanoma cells 
(173). Therefore, detection of mRNA for tyrosinase, TRP-1, TRP-2, MART-1, 
and Pmel 17 by means of Northern blotting or reverse transcriptase polymerase 
chain reaction (RT-PCR) provides a significant help in the differential diagno¬ 
sis of melanoma or in the detection of metastatic disease and should probably 
become the standard tool. The successful detection of mRNA for tyrosinase 
and other MRPs using RT-PCR in blood or bone marrow demonstrates that 
this method can detect circulating metastatic cells before their presence can be 
assessed clinically (218-225). Significant effort has also gone into the use of 
RT-PCR for the detection of MRP in SLN (220,224,225). It has thus been found 
that many SLNs that have been histologically and immunocytochemically 
negative for melanoma cells become positive after RT-PCR for tyrosinase 
mRNA (220,224,225). Therefore, amplification of cDNA encoding MRP 
should be used in conjuction with histology for detection of metastatic disease 
in SLN; regular histology would exclude false positive signals generated by a 
possible presence of a benign melanocytic nevus in the lymph node. 

8.5. Biochemical Markers of Melanoma 

Serum levels of tyrosinase and of melanin precursors can correlate with 
the progression of melanoma (226-230). Thus, patients with advanced mela¬ 
noma show increased plasma or urine levels of the melanin precursors 
DOPA, 5-S-cysteinyldopa (5-S-CD), DHI, its carboxylic form (DHICA), and 
O-methyl derivatives of DHI and DHICA (227-230). More selective staging is 
also possible; for example, high plasma levels of 6-hydroxy-5-methoxyindole- 
2-carboxylic acid are correlated with a tumor thickness >3.0 mm independently 
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of the presence or absence of metastasis. In thinner melanomas, the same 
abnormality is seen only when metastases are present (227). In addition, serum 
levels of 5-S-CD increase during the progression of melanoma (228-230). 
Therefore, body fluid levels of MRP or concentration of melanogenic products 
provides valuable information on progression, regression, or recurrence of the 
disease. Changes in their levels could then help in detecting occult melanoma. 
Serum tyrosinase can be detected with assays for enzyme activity (tyrosine 
hydroxylase) or directly with radioimmunoassay (231-233). From the thera¬ 
peutic point of view, it must be emphasized that intermediates of melanogen- 
esis can act as potent immunosuppressors (201), and tyrosinase may amplify 
this process through continous oxidation of tyrosine and DOPA with genera¬ 
tion of lymphocytotoxic precursors of melanogenesis (234). Therefore, 
increased serum levels of intermediates of melanogenesis and of tyrosinase 
activity may also serve as indicators of potential impairment in the host immune 
response to melanoma. 

9. Immune Markers for Melanoma Therapy 

Tyrosinase, TRP-1, TRP-2, Pmell7, and melanocyte-specific MART 1 can 
be classified as MHC class I-restricted tumor antigens (20-23,26-28,235-238), 
suggesting that their expression in relation to specific human haplotypes could 
be used as a guide for potential immunotherapy. The continuously growing 
family of MHC class I-restricted melanoma antigens also includes the MAGE 
proteins, which are expressed on melanoma cells but not melanocytes (239). 
The diagnostic usefulness of detecting melanocyte-specific proteins derives 
from the fact that they generate specific peptides that become antigens when 
presented to CD8 + cytotoxic T-cells (cytotoxic T-lymphocytes) and HLA-A2 
molecules. This in turn would activate T-lymphocyte response against mela¬ 
noma cells. The T-cell immune response may be highly heterogeneous because 
tyrosinase-derived peptides may be recognized by T-cells in association 
with HLA-A2, HLA-A24, HLA-B44, HLA-A1, HLA-DR4, and HLA-DR15 
(20-23,235-238). Immunization with purified tyrosinase enzyme has also 
been suggested as an adjuvant therapeutic strategy for malignant melanoma (234). 
Because melanogenesis can have mutagenic and immunosuppressive effects, 
optimal immunotherapy strategy should comprise a differential upregulation 
of MRP with inhibition of melanogenesis (201). 

Stimulation of the humoral response against cell-surface antigens represents 
another immunotherapeutic approach for treatment of melanoma. Gangliosides 
are good candidates as substrates for antimelanoma vaccines (24-26,240-244). 
However, the pattern of ganglioside expression changes during progression of 
melanocytic lesions, from increased expression of GD3, GD2, and GM2 to the 
appearance of GT3 and 9-0-Ac-GD3 (240,241,245,246). In animal models of 
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melanoma, a low level of GM3 and increased concentrations of GD3 and 
0-acetyl-GD3 correlate with fast growth and undifferentiated phenotype 
(247,248). Conversely, a slow growth rate and melanoma differentiation cor¬ 
relate with decreased expression of GD3 and 0-acetyl-GD3 and increased 
expression of GM3 (247). In either localized or metastatic lesions, the expres¬ 
sion of gangliosides is heterogeneous and their proper identification requires 
specialized analyses such as high-performance thin-layer chromatography 
(249). While ganglioside pattern cannot be used as a diagnostic marker of mela¬ 
noma progression, the analysis for the presence of a particular fraction of gan¬ 
gliosides (e.g., GD2, GD3, 0-Ac-GD3, or GM2) is valuable in the context of 
immunotherapy with antiganglioside antibodies or with ganglioside contain¬ 
ing antimelanoma vaccine. In a similar fashion, high molecular weight melanoma- 
associated antigens (HMWMAA) have also been proposed as targets in a 
specific antimelanoma therapy (21,22,24,26-29,250-252). Therefore, in spe¬ 
cialized centers, the expression of specific ganglioside fraction or of 
HMWMAA should be a part of the dermatopathology report when considering 
those antigens as a target for immunotherapy. 

10. Conclusion 

To summarize, melanin can impair radiotherapy and phototherapy (cf. refs. 
201,152,253, and 254). Intermediates of melanogenesis can suppress immune 
responses, and, therefore, ongoing active melanogenesis may reduce the effec¬ 
tiveness of immunotherapy (cf. ref. 201). Furthermore, uncontrolled melano¬ 
genesis that generates an oxidative environment and produces geneotoxic and 
mutagenic intermediates can destabilize tumor cells and their microenviron¬ 
ment, triggering the progression of melanoma (cf. ref. 201). This is further 
amplified by the immunosuppressive effect of melanogenesis itself (cf. ref 
201). Therefore, the ideal melanoma therapy should combine differential 
upregulation of MRP expression, antigen-specific immunization, and inhibi¬ 
tion of melanogenesis (cf. refs. 201 and 234). Inhibition of melanogenesis 
could play an adjuvant role when preparation of a vaccine from nonmela- 
nogenic antigens, e.g., gangliosides, is considered in the therapy of melanoma. 
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Identification of Altered Gene Expression 
Associated with Pigmentary Lesions 
by Differential Display Analysis 

i. Caroline Le Poole and Thomas L. Brown 


1. Introduction 

Identification of alterations in gene expression is an important step in under¬ 
standing the development and progression of human disease. For pigmentary 
disorders with an unresolved hereditary component, genetic and epigenetic 
changes that alter the expression of genes as a direct or indirect consequence 
can be investigated by expression analysis. This can be of particular impor¬ 
tance in conditions in which multiple genes are involved, as in melanoma or 
vitiligo ( 1 , 2 ). Differential display analysis is a technique that is widely used 
and entails semiquantitative polymerase chain reaction (PCR) amplification of 
3' ends of messenger RNA (mRNA) ( 3 - 6 ). The primer sets used hybridize to 
the poly-A tail of mRNA on one end, and to an arbitrary countersequence on 
the other. Each set of primers is designed to amplify some 150 messages present 
in the RNA under study. These messages are subsequently separated by poly¬ 
acrylamide gel electrophoresis. Using a labeled nucleotide in the PCR reac¬ 
tion, the intensity of each band can subsequently be compared in samples of 
interest. Following reamplification, confirmation, cloning, and sequencing, the 
fragments of interest are further analyzed. Figure 1 outlines this sequence of 
events. Although the length of the fragments amplified usually excludes cod¬ 
ing regions, the 3' noncoding regions are unique and can serve to identify the 
gene of interest, provided the fragment belongs to a gene or an expressed 
sequence tag (EST) that has previously been submitted to GenBank ( 7 ). For 
other fragments, underlying genes can be further characterized by screening a 
cDNA library or by a 5'RACE extension of the fragment ( 8 - 10 ). 
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By using the PCR reaction, the sensitivity of detection is greatly improved 
when compared to earlier methods of expression analysis, such as subtractive 
hybridization and some applications of the more novel microarray techniques 
discussed in Chapter 2 ( 11 , 12 ). The amplification step also has extended the 
use of this technique to samples in which very little RNA substrate is available, 
such as in vitiligo research ( 13 ). 

In pigmentation research, the control cells for any comparison to be made 
cannot be isolated as compact tissue, because melanocytes are sparsely distrib¬ 
uted throughout the skin in vivo. For this reason, the application of differential 
display analysis has been limited to purified cells propagated in vitro. In spite 
of this limitation, differential display has been used extensively to understand 
further the process of malignant transformation of melanocytes. Making use of 
unlimited resources, melanoma cell behavior has often been investigated using 
B16 mouse tumors ( 14 ). Normal pigment cells from the hair shafts of the mouse 
can be used for comparison, and subclones of varying metastatic potential have 
been used as well ( 15 , 16 ). Such comparisons have revealed many genes now 
associated with malignant transformation ( 17 - 22 ). Similarly, gene expression 
in stable melanoma cell lines has been compared with that of benign melano¬ 
cytes from separate control donors. When nonsyngeneic cells are compared, 
care must be taken to eliminate fragments related to donor-to-donor variation from 
the comparison, because these are not relevant to the process under study ( 23 ). 

Apart from comparing cultured cells under baseline conditions, the tech¬ 
nique can be used to explore the effect of environmental conditions on gene 


Fig. 1. (previous page) Differential display analysis. RNA is isolated from samples 
A and B and reverse transcribed (RT reaction). The cDNA is amplified in presence of 
a radiolabeled nucleotide (PCR) and resulting fragments are displayed on a gel (Gel 
electrophoresis). Bands of interest, representing messages upregulated (I) or 
downregulated (II) in sample B are isolated from the gel and reamplified (Isolation, 
Reamplification). Such fragments are ligated into a T-vector (Ligation) and used to 
transform bacteria (Transformation). Following amplification in bacteria, the plasmid 
is reisolated (Reisolation). The size of the inserted fragment is checked by restriction 
analysis (Restriction, Electrophoresis) and the inserted band is reisolated from gel 
(Reisolation). RNA from original samples A and B is then probed with the fragment in 
a Northern (Northern Hybridization) or fragments are blotted onto membranes and 
probed with labeled amplification products representing samples A and B (Reverse 
dot blot). Both methods are suited to confirm differential expression. Meanwhile, plas¬ 
mids are used to sequence the cloned cDNA fragments of interest (Sequencing). Next, 
such sequences are compared to the sequence database, which can result in the identi¬ 
fication of differentially expressed messages (Comparison to database, Confirmed and 
identified differentially expressed messages). 
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expression. For example, the involvement of ultraviolet (UV) irradiation, 
cytokines, growth factors, and melanogenic effectors in melanoma genesis has 
been analyzed by comparing gene expression in exposed and nonexposed cells 
( 24 , 25 ). In general, the differential display technique has provided and will 
continue to provide major insights into the process of malignant transforma¬ 
tion in melanoma. 

2. Materials 

1. Diethylpyrocarbonate (DEPC) water: Stir 0.1% DEPC into ddH 2 0 and maintain 
in clean glassware overnight. Autoclave to inactivate the DEPC. 

2.2 M NaOAc, pH 4.0. Store at room temperature. 

3. Chloroform: isoamyl alcohol (24:1). Store at room temperature. 

4. Solution D: 4 M guanidinium isothiocyanate; 100 m M Tris-HCl, pH 7.6; 0.5% 
Sarkosyl; 50 m M EDTA. Store at room temperature. Add 36 iiL of 2-mercapto- 
ethanol/10 mL of Solution D just before use. 

5. Phenol saturated with Tris-HCl to pH 8.0. Store refrigerated. 

6. 70% Ethanol prepared with 0.1% DEPC-treated water. 

7. 5X DNase I buffer: 50 m M Tris-HCl, pH 8.3, 250 m M KC1, 6 mM MgCl 2 in 
DEPC-treated H 2 0. Store at -20°C. 

8. 5X first-strand RT buffer: 250 m M Tris-HCl, pH 8.3, 375 m M KC1; 15 m M 
MgCl 2 . Store at -20°C. 

9. 5X PCR buffer: 250 m M KC1, 5 m M Tris-HCl, pH 8.0, 12.5 m M MgCl 2 . Store at 
-20°C. 

10. 40% Acrylamide solution: 380 g/L of acrylamide and 20 g/L of /V,/V'-methyl- 
enebisacrylamide, filtered and stored at room temperature in the dark. 

11. TBE buffer: Combine 10.8 g of Trizma base, 5.5 g of boric acid, and 4 mL of 
0.5 M EDTA (pH 8.0) and add H 2 0 to a total volume of 1 L. Store as 10X stock 
at room temperature. 

12. 10X Exchange buffer: 0.5 M imidizole-Cl, pH 6.6, 0.1 M MgCl 2 , 50 m M 
dithiothreitol (DTT), 1 m M spermidine, 1 m M EDTA. 

13. TAE buffer: Combine 4.84 g of Trizma base, 1,142 pL of glacial acetic acid, and 
2 mL of 0.5 M EDTA (pH 8.0) and add H 2 0 to a total volume of 1 L. Store as 5OX 
stock at room temperature. 

14. 5X Ligase buffer: 150 m M Tris-HCl, pH 7.8, 50 m M MgCl 2 , 50 m M DTT, 5 m M 
adenosine triphosphate (ATP). 

15. Luria broth (LB): 10 g/L of bacto-tryptone, 5 g/L of bacto-yeast extract, 5 g/L of 
NaCl. Adjust pH to 7.5 and autoclave. Store refrigerated. 

16. TE buffer: 1 m M EDTA, 10 m M Tris-HCl, pH 8.0. Store at room temperature. 

17. 5X MESA running buffer: 0.1 M S-iV-morpholino-propanesulfonic acid, pH 7.0; 
40 m M NaOAc, 5 m M EDTA, pH 8.0. Prepare with DEPC-treated water and 
sterilize by filtration. On autoclaving or prolonged storage the solution will 
darken; discard if darker than straw-colored. 
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18. 10X Northern loading dye: 50% glycerol, 1 mM EDTA, pH 8.0, 0.25% bro- 
mophenol blue, 0.25% xylene cyanol FF prepared with DEPC water. Store 
refrigerated. 

19. Hybridization solution: 6X saline sodium citrate (SSC), 0.5% sodium dodecyl 
sulfate (SDS), 100 iig/mL of denatured salmon sperm DNA, 50% formamide. 
Store at -20°C. 

20. SSC: Prepare 20X stock solution as 3 M NaCl and 0.3 M sodium citrate, pH 7.0. 

21. Klenow 10X buffer: 100 mM Tris-HCl, pH 7.5; 500 mM NaCl. 

22. Klenow nucleotide mixes: Every mix contains 1.66 uM of the deoxynucleotide 
for which the mix is named and 33 \iM of other dioxynucleotides except dATP, 
together with the dideoxynucleotide for which the mix is named at 16.7 p,M 
ddCTP, 100 uM dATP. 117 uM dTTP, or 16.7 uM ddGTP. In addition, every mix 
contains 10 mM Tris-HCl, pH 7.5, 50 mM NaCl, 10mMMgCl 2 , and 1 mM DTT. 

23. Sequencing chase solution: 34 mM Tris-HCl, pH 8.3, 50 mMNaCl, 6 mMMgCl 2 , 
5 mM DDT; 2 mM of each dNTP. 

24. Sequencing stop solution: 98% formamide; 10 mM EDTA, pH 8.0, 0.1% xylene 
cyanol FF, 0.1% bromophenol blue. Store refrigerated. 

3. Methods 

3.1. Total RNA Isolation from Cultured Adherent Cells. 

1. Rinse cells with phosphate-buffered saline, add 700 iiL of Solution D per 100-cm 2 
dish, agitate, and transfer to microfuge tubes ( see Notes 1 and 2). 

2. Add sequentially and mix thoroughly after each addition the following: 1/10 vol 
of 2 M NaOAc, pH 4.0 (70 p,L); 1 vol of phenol (700 p,L); 2/10 vol of chloro¬ 
form: isoamyl alcohol (24:1) (140 uL). Shake final suspension vigorously for 10 s. 

3. Cool on ice for 15 min and spin at 14,000g in a microfuge at 4°C for 15 min. 

4. Transfer the upper aqueous phase to a new tube and add 1 vol of isopropanol 
(750 \iL). 

5. Precipitate for at least 1 h at -20°C. 

6. Centrifuge for 15 min at 4°C, 14,000g and resuspend the pellet in 0.3 vol of initial 
Solution D (210 uL); precipitate with 1 vol of isopropanol for 1 h at -20°C. 

7. Centrifuge for 15 min at 4°C and wash the pellet in 70% ethanol. 

8. Remove the ethanol and dry the pellet. 

9. Resuspend in 1-200 uL of DEPC water, measure the concentration spectropho- 
tometrically at 260/280 nm, and store at -70°C. 

3.2 Removal of Chromosomal DNA 

1. Combine the following: 38 iiL of 50 ug of total RNA in DEPC water, 10 uL of 
5X DNase 1 buffer, 1 p,L of H placental RNase Inhibitor (40 U), 1 p,L of RNase- 
free DNase I (10 U), for a total of 50 p,L. 

2. Incubate at 37°C for 30 min. 


170 


Le Poole and Brown 


3. Adjust the volume to 500 pL with DEPC water. 

4. Extract once with Tris-saturated phenol, pH 8.0. 

5. Extract once with chloroform: isoamyl alcohol (24:1). 

6. Precipitate with 2.5 vol of ethanol and 1/10 vol of 3 M NaOAc, pH 5.2, overnight 
at -20°C. 

7. Spin 15K, 15 min at 4°C, and discard the supernatant. 

8. Wash the pellet one time with 75% ethanol, and dry in a speedvac. 

9. Resuspend in DEPC water and measure the concentration spectrophotometrically, 
check for degradation on 1.2% gel before use, and dilute to 0.05 pg/pL. 

3.3. Reverse Transcription 

1. Combine the following for 10 PCR reactions: 5 pL of DEPC-treated water, 4 pL 
of DNase-treated RNA (0.05 pg/pL), 2 pL of 200 p M dNTPs, 4 pL of 5X first- 
strand RT buffer, 2 pL of 0.1 M DTT, 2 pL of 25 pM dT n VN anchor primer 
(V = equimolar mixture of A, C, G, and T; N = either A, C, G, or T—one N/tube 
[see Note 3]), 1 pL of reverse transcriptase (50-100 U/0.2 pg of RNA (RT II, 
RNaseH~ or AMV), for a total volume of 20 pL. 

2. Mix and quick spin. 

3. Incubate at 37°C 1 h. 

4. Stop the reaction at 95°C for 5 min. 

3.4. Polymerase Chain Reaction 

1. Combine the following: 7 pL of sterile water, 4 pL of 5X PCR buffer, 2 pL of RT 
mix, 2 pL of 25 p M dT,, VN (appropriate anchor primer, also used for RT), 1 pL 
of 5 p M of arbitrary primer— lOmer (one/tube) (see Note 4), 1 pL of 20 p M 
dNTPs, 2 pL a- 32 P-dCTP (0.5 pCi/pL) (see Note 5), 1 pL of Taq polymerase (1 U), 
for a total volume of 20 pL. 

2. Quick spin. 

3. Add one drop of mineral oil and PCR under the following conditions: 30 cycles 
of 94°C for 30 s, 41°C for 2 min, 72°C for 30 s; hold at 72°C for 10 min, then 4°C. 

3.5. Differential Display Gel Electrophoresis 

1. Mix the following in 500 mL (light solution): 75 mL of 40% acrylamide, 50 mL 
of 5X TBE, 230 g of ultrapure urea. 

2. Mix the following in 200 mL (heavy solution): 30 mL of 40% acrylamide, 100 mL of 
5X TBE, 92 g of ultrapure urea, 20 g of sucrose, 10 mg of bromophenol blue. 

3. Siliconize one glass plate and assemble gel-pouring unit. 

4. Catalyze 10 mL of the heavy solution with 10 pL of 25% ammonium persulfate, 
and immediately inject between glass plates at the bottom of gel. 

5. On polymerization, catalyze 10 mL of the bottom solution and 35 mL of the top 
solution with 10 and 35 pL, respectively, of 25% ammonium persulfate. 

6. Draw 9 mL of the top solution followed by 9 mL of the bottom solution into a 
25-mL pipet, slightly mix with air bubbles, and pour between glass plates. Fill 
the space with the remainder of the top solution. 
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7. Let the gel polymerize and preferably leave overnight covered with TBE- 
drenched tissues and Saran wrap. 

8. Prerun the gel for 1 h to warm up (60 W constant power). 

9. Run 3 pL of each sample on a 6% acrylamide sequencing gel, 60 W constant 
power (850 V, 69 mA) for 3 h. 

10. Dry the gel at 80°C for 3 h on Whatman 3M paper. 

11. Expose the dried gel to Kodak X-Omat AR-5 film overnight. 

3.6. Phosphorylation of DNA Markers 
(Phosphoexchange Reaction) 

1. Mix the following: 5 pL of DNA marker with 5' terminal phosphates (e.g.,123-bp 
ladder) (5 pg), 5 pL of 10X exchange reaction buffer, 3 pL of 5 m M adenosine 
5'-diphosphate, 5 pL of a- 32 P-ATP (specific activity 3000 Ci/mmol) (5-10 mCi), 
30 pL of double deionized H 2 0, 2 pL of T4 polynucleotide kinase (10 U/pL), for 
a total volume of 50 pL. 

2. Incubate at 37°C for 30 min. 

3. Add 2 pL of 0.5 M EDTA, 8.0, and 20 pL of TE. 

4. Purify by 30,000 molecular weight cutoff spin column. 

5. Store at -20°C; use 5-10 x 10 s cpm/lane. 

3.7. Identification and Isolation 

of Differentially Displayed Gene Products 

In lanes of approximately equal overall intensity, carefully screen for bands 
of the same size of higher or lower intensity consistently associated with the 
treatment under study (see Note 6). These bands are subsequently processed as 
follows: 

1. Precisely align the autoradiogram and the dried gel, and pierce the corners of a 
band in a sample in which the band is overexpressed. 

2. Remove the autoradiogram, and cut the band out with a clean scalpel. Place in a 
microfuge tube. 

3. Add 100 pL of sterile water and soak at room temperature for 10 min. Then boil 
for 15 min. 

4. Remove paper by centrifugation. 

5. Add 50 pg of glycogen in 5 pL, 1/10 vol of 3 M NaOAc, and 2 vol of ethanol; 
maintain on dry ice for 30 min. 

6. Centrifuge at 14,000g for 10 min. 

7. Wash the pellet in 85% EtOH. 

8. Dissolve the pellet in H 2 0. Use half for one round of reamplification. 

9. Use for reamplification under identical conditions, without the radiolabeled 
nucleotide. 

10. Run the product on a low-melt agarose gel, 1.5% in TAE buffer. 

11. Cut the band from the gel in minimal volume under long-wave or low-intensity 
UV light. 
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3.8. Preparation of Bluescript (pBSsk+) T-Vector for PCR Cloning 

1. Mix the following: 5 pL of Qiagen purified plasmid pBSsk+ (1 pg/pL), 11 pL of 
H 2 0, 2 pL of 10X React 2 (Gibco), 2 pL of £coRV (Gibco), for a total volume of 
20 pL. 

2. Digest for 1 h at 37°C. 

3. Incubate with the following: 3 piL of 10X PCR buffer (500 m M KC1, 10 m M 
Tris-HCl, pH 8.0, 25 m M MgCl 2 ), 6 piL of 10 m M dTTP (final 2 m M), 1 pL of 
Taq DNA polymerase (5 U/pL (Gibco) (use 1 U/pg of plasmid), for a total vol¬ 
ume of 30 pL. 

4. Incubate for 2 h at 70°C. 

5. Add 220 pL TE, pH 8.0, and mix. 

6. Add 250 pL of Tris-saturated phenol and extract the aqueous (upper) phase. 

7. Precipitate with 1/10 vol of NaOAc, pH 5.2, and 2.5 vol of EtOH overnight 
at -20°C. 

8. Resuspend in 20 pL of H 2 0 and measure the optical density. 

9. Dilute to 50 ng/pL and store at -20°C ( see Note 7). 

3.9. Cloning and Amplification of Fragments 

1. Melt fragments in agarose at 70°C for 10 min. 

2. Prewarm microfuge tubes at 37°C. 

3. Combine 9 pL of melted agarose and 1 pL of T-vector. 

4. Add 4 pL of 5X ligase buffer. 

5. Add 1 pL of ligase. 

6. Mix quickly with a pipet tip. 

7. Keep at room temperature overnight. 

8. Add 3 pL of dimethyl sulfoxide to 200 pL of competent XLl-Blue (-3 x 10 s 
bacteria). 

9. Combine with ligated plasmid. 

10. Keep on ice for 30 min. 

11. Keep at 42°C for 90 s. 

12. After 2 min at 4°C, add 1 mL of LB without ampicillin, and gently shake at 37°C 
for 2 h. 

13. Plate on LB agar plates containing 60 pg/mL of ampicillin, 10 pg/mL of tetracy¬ 
cline, 40 pg/mL 5-bromo-4-chloro-3-indolyl-(3-D-galactoside, and 0.5 M 
isopropylthio-|3-D-galactoside. 

14. Incubate at 37°C overnight. 

15. Transfer white colonies to LB with ampicillin and tetracycline. 

16. Grow shaking at 37°C overnight. 

17. Prepare glycerol stock and reisolate plasmid, e.g., with a Promega miniprep kit. 

18. Use the plasmid for sequence analysis (M13 primers) and to prepare more of the 
fragment of interest for Northern analysis by restriction enzyme digestion fol¬ 
lowed by gel electrophoresis and reisolation of the fragment. 
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3.10. Preparation of cDNA Probe for Northern Analysis 

1. Mix the following: 23 pL of 100 ng of template DNA fragment in H 2 0, 15 pL 
Random Prime Buffer Mix (Gibco), 2 pL of dCTP, 2 pL of dTTP, 2 pL dGTP, 5 pL 
of a- 32 P-dATP (10 pCi/pL), 1 pL of Klenow enzyme, for a total volume of 50 pL. 

2. Heat denature DNA for 5 min at 95°C, and cool on ice to prevent renaturation. 

3. Anneal random primers and transcribe at 37°C for 1 h. 

4. Store at -20°C until use. 

5. Prior to use, boil for 3 min. 

6. Cool on ice to prevent renaturation. 

3.11. 1.2% Gel for Northern Analysis 

1. Add 0.36 g of agarose to 18 mL of water. 

2. Boil and cool. 

3. Add 6 mL of 5X MESA running buffer. 

4. Add 5.4 mL of formaldehyde. 

5. Mix and pour, and leave for 1 h at room temperature. 

3.12. Northern Blotting 

1. Combine the following: 4.5 pL of DEPC water + RNA (25 pg), 2 pL of 5X 
MESA running buffer, 3.5 pL of formaldehyde, 10 pL of formamide, for a total 
volume of 20 pL. 

2. Heat denature RNA samples at 55 °C for 15 min. 

3. Add 2 pL of sterile Northern loading dye. 

4. Run in IX MESA running buffer (4-6 V/cm; constant voltage) for 3.5 h. 

5. Transfer by capillary diffusion to Nytran or other charged membrane in 10X SSC, 
and mark the membrane for 28 and 18S as markers or use RNA markers. 

6. Prehybridize the membrane with hybridization solution. 

7. Add labeled probe and hybridize for 16 h at 42°C. 

8. Extensively wash the blot with IX SSC and 0.1% SDS at room temperature for 
20 min and wash three times in 0.2X SSC and 0.1% SDS at 68°C. Check for loss 
of radioactivity. Further removal of background can be done after exposure. 

9. Dry and expose to Kodak X-Omat AR-5 film with a reflection screen at -80°C 
for 16-72 h, depending on the intensity of the signal (see Note 8). 

10. Repeat hybridization of the blot, probing with a standard for loading such as 
[)-actin or glyceraldehyde-3-phosphate dehydrogenase. 

3.13. Sequencing of Differentially Expressed Fragments 

1. Prepare 6% gradient polyacrylamide gradient sequencing gel as described for 
differential display. 

2. Following polymerization, cover with tissues drenched in TBE and Saran wrap 
overnight. 
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3. The next day combine 2-3 pg of purified plasmid DNA with 1/10 vol of 2 M 
NaOH and 2 m M EDTA. 

4. Incubate for 30 min at 37°C. 

5. Precipitate in the presence of 1/10 vol of 3 M NaOAc (pH 5.2) and 2-4 vol of 
ethanol at -70°C for 15 min. 

6. Spin at 14,000g at 4°C for 15 min. 

7. Wash the pellet with 70% ethanol, air-dry, and suspend in 8 pL of H 2 0. 

8. Add 1 pL of 10X Klenow buffer and 1 pL of (5 ng/pL) Ml3 primer. 

9. Incubate at 37°C for 15 min to anneal, and then place on ice. 

10. Add 5 U of Klenow fragment per tube. 

11. Add 4 pL of 32 P-dATP U0 pCi/pL, 800 Ci/mmol). 

12. Add 3 pL of each Klenow nucleotide mix to four separate tubes. 

13. Add 3 pL of annealed primer/radiolabel mix to each tube and incubate at 37°C 
for 15 min. 

14. Add 1 pL of chase solution and incubate at 37°C for 15 min. 

15. Add 5 pL of stop solution; the reaction can be stored overnight at -70°C. 

16. Load 2.5 pL/slot after heating at 70°C for 3 min to denature. 

17. Mix and keep refrigerated until loading. 

18. Prerun the sequencing gel for 45 min. 

19. Heat the samples at 80°C for 2 min, and load the gel immediately as GATC 
(2.5 pL/lane). 

20. Run at 60 W (constant power) for 2 to 3 h. (In a 6% gel, the bromophenol blue 
comigrates with a 26 nucleotide DNA fragment, and xylene cyanol with a 106 
nucleotide DNA fragment.) 

21. Soak the gel in 5% acetic acid with 15% methanol for 10 min to remove urea. 

22. Blot the gel onto 3MM Whatman paper and dry at 80°C for 3 h. 

23. Cover with Saran wrap and expose to Kodak X-Omat AR-5 film overnight at 
room temperature. 

24. The sequence should be read by two people individually. If loaded as prescribed, 
the complementary strand can be read by flipping the autoradiogram, assuming 
the same nucleotide order and reading from the bottom. 

3.14. Database Search 

1. Enter the sequence from a file on disk (or manually) into the appropriate window 
of the Basic Local Alignment Search Tool (BLAST) program available through 
the NCBI/NIH Web site in sequence analysis under topics related to molecular 
biology of the scientific resources section. 

2. Set the database to search either to (nr) for nonredundant GenBank, EMBL, 
DDBJ, and PDB databases or to the human or mouse EST databases. 

3. Enter the search command and inspect the results (queries are queued). For 
homology to be considered significant, the expect value (E-value) should be well 
below 1, because this describes the number of hits to be found by chance alone 
for the given database size. The value of E decreases exponentially with increas¬ 
ing scores (S-values). 
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4. If significant homology is found for a range of sequences with unrelated func¬ 
tions or localizations, this is likely to be caused by the presence of repetitive 
sequences such as ALU. In such cases, select a search for homology to the ALU 
database and subsequently delete the repetitive part of the sequence. The revised 
sequence can be used to perform a new search. 

5. Additional information can be acquired directly from the search results, by click¬ 
ing on the code assigned to the homologous sequence. A longer stretch of the 
sequence, information regarding potential function of the expressed gene, and 
the availability of the homologous clone can be found. In case of an unknown 
sequence, see Note 9. 

4. Notes 

1. The method used for RNA isolation is not critical; other potential methods of 
isolation include standard RNAzol, Tri-Reagent, and Qiagen RNA spin column 
methodology, as indicated by the manufacturer. The RNA is best stored until use 
before DNase treatment. 

2. A problem frequently encountered specifically when amplifying RNA isolated 
from pigment cells is that melanin is coisolated with nucleic acids and interferes 
with subsequent PCR amplifications. A published method to avoid such inhibi¬ 
tion consists of adding bovine serum albumin to the amplification reaction in 
amounts of 0.6 mg/mL (26). Nonconstitutive high melanin content in cultured 
cells can be avoided by culturing cells in media containing low tyrosine concen¬ 
trations (27). 

3. The availability of kits to perform differential display has greatly facilitated 
analysis of differential gene expression. Apart from GenHunter, founded by dif¬ 
ferential display pioneer Peng Liang, kits are presently available from Clontech, 
GenPak, Stratagene, BiolOl, and Genomyx, with slight variations in strategy. 
GenHunter and Operon will provide primer combinations suitable for differen¬ 
tial display. In fact, kits are available to cover most steps in this procedure, from 
primer combinations through plasmid isolation to sequencing procedures. 

4. Although just 1 primer combination can suffice to find a differentially expressed 
gene, more are required to analyze differential expression of all messages found 
in the cell. In combination with the two-anchor primers used, approx 25 upstream 
primers are required to represent >95% of all mRNA species present in the cell, 
assuming 15% of 100,000 genes to be expressed (6). 

5. The radiolabel described here for differential display is 32 P. 35 S can also be used 
and provides increased band resolution; however, an accompanying increase in 
contaminatation can occur (28). Another alternative is 33 P, which is more expen¬ 
sive but provides resolution equivalent to 35 S without the increased contamina¬ 
tion problems. 

6. In every application of the technique, a substantial number of fragments that are 
reamplified from the display gels were not confirmed as differentially expressed. 
This can be attributed to several factors. Northern blotting, traditionally used to 
confirm differential expression, is too insensitive to detect small yet potentially 
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significant differences of <30% in levels of expression. Also, the absolute con¬ 
tent of the original message may be too little to confirm by traditional Northern 
blotting. The finding that such unconfirmed messages frequently represent 
DNA fragments not previously identified attests to their infrequency yet certainly 
does not invalidate their involvement in a process under study. However, it is 
also possible that a band represents more than one fragment, and a reamplified 
band that is subsequently cloned may not represent the differentially expressed 
species. 

7. Cloning vectors for PCR fragments (T-vectors) are also commercially available, 
but, in our experience, these kits have not worked nearly as well as the self- 
prepared version according to Marchuk et al. (29). 

8. A difficulty in weeding out false positive fragments has been reported by several 
researchers (30-33). To prevent false positive bands, it is important to compare 
more than two samples in the original display. Also, repeating the reverse tran- 
scriptase-PCR reaction is essential. In addition, reversed methods have recently 
been introduced to validate mRNA fragments obtained by differential display. 
Such methods involve blotting of the fragment of interest onto a membrane and 
probing it with the samples in which differential expression was observed. In this 
respect, we have introduced reverse dot blotting as a simple and sensitive tech¬ 
nique to confirm differential expression. This method involves blotting the frag¬ 
ment onto two separate membranes suitable for Southern blotting in exponentially 
increasing amounts of 5 pg to 5 ng per dot following heat denaturation. Twenty 
nanograms of RNA representing the samples of interest (but preferably from a 
separate source) is reverse transcribed and PCR amplified following the exact 
protocol used for differential display, in the presence of radiolabeled dNTP. We 
have used 0.25 pL (2.5 pCi) of 32 P-dCTP in a 20-pL PCR reaction. Incorporation 
is checked on a differential display gel using 3 pL of the radiolabeled product, 
which also provides an extra control for differential expression. Subsequently, 
the labeled samples are run over a Bio-Rad BioSpin 30 column to remove unin¬ 
corporated nucleotides, and the flow-through is used to hybridize to the separate 
membranes following heat denaturation. The IX hybridization buffer containing 
0.5% SDS to which the membranes have been exposed for 2 h is not replaced. 
Hybridization is performed at 42°C for 16 h. The blots are subsequently washed 
in 0.1% SDS in 2X SSPE for 15 min at room temperature. The wash buffer is 
replaced, and the blots are washed for 30 min at 42°C. The blots are exposed at 
-80°C for 72 h to Kodak X-Omat AR5 film. If the blotted fragment is truly dif¬ 
ferentially expressed, the extent of hybridization will differ between the two 
samples compared (13). Methods using only reverse-transcribed RNA (reverse 
Northern) are also available but may not be sensitive enough to detect the frag¬ 
ment of interest. 

9. In the event that a differentially expressed cDNA fragment has not been previ¬ 
ously described as defined by a BLAST search, a cDNA library may be screened 
to further characterize the gene of interest. Some libraries are commercially avail¬ 
able through Research Genetics, including a human and a mouse melanocyte 
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library as well as a human melanoma cDNA library. Because of the high sensitiv¬ 
ity of the technique and the small sample required, it is to be expected that the 
differential display will continue to reveal novel and existing genes associated 
with pigmentary abnormalities. 
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Fluorescence In Situ Hybridization as a Tool 
in Molecular Diagnostics of Melanoma 

Lionel J. Coignet 


1. Introduction 

Structural and numerical chromosomal abnormalities have been observed in 
all types of malignancies. These events are associated with neoplastic patho¬ 
genesis and progression (1). For a long time, conventional cytogenetics analy¬ 
sis was the prevalent approach in assessing chromosomal rearrangements. 
Many data were collected initially from hematologic malignancies because of 
ease of analysis, despite the fact that they represent only 10% of all malignan¬ 
cies (2). Cytogenetic data on solid tumors were hampered by the technical dif¬ 
ficulties in obtaining dividing malignant cells. During the last two decades, 
these problems were solved and data have been quickly acquired. Karyotyping 
of malignant melanoma cell lines reveals more than 95% of the cases present¬ 
ing aneuploidy (numerical chromosome abnormalities: near triploidy) (3), and 
all the cell lines present structural abnormalities (balanced and unbalanced 
translocations, inversions and deletions) (see, e.g., German Collection of 
Microorganisms and Cell Cultures [Dr. H. Drexler] at <http://www.dsmz.de> 
(4,5). Cytogenetic analysis of malignant melanoma cells allowed the identifi¬ 
cation of nonrandom karyotypic changes involving chromosomes 1, 6, and 7 
and, to some extent, chromosomes 9 and 10. 

In recent years, fluorescence in situ hybridization (FISH) was developed as 
a new molecular cytogenetic approach to overcome the culture difficulties 
regarding solid tumors. The so-called interphase cytogenetics allows the study 
of multitargets/multichromosome copy in nondividing cells. With this 
approach, all cells are studied, and the bias always introduced by the in vitro 
cell culture is thus eliminated. Some recent reports have presented data using 
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from 1 to 13 chromosome-specific probes (5-11). Smaller locus-specific 
probes can also be used to detect loss, gain, or disruption of specific regions of 
the genome (6,11-14). 

A variation of FISH called comparative genomic hybridization (CGH) 
(15,16) allows the scanning of the whole genome for changes in DNA copy 
number by using DNA probes for total genomic tumor DNA. CGH bypasses 
the need for intact tumor cells and allows analysis using a small amount of 
tumor DNA. With degenerated oligonucleotides (degenerate oligonucleotide- 
primed polymerase chain reaction [DOP-PCR]) (17), it is even possible to 
amplify the whole DNA complement from a few malignant cells and then com¬ 
pare the variation in DNA copy number within a single tumor. The most recent 
advance in molecular cytogenetics consists of spectral karyotyping (18) in 
which each chromosome is “painted” with a different and specific color. 

The operational principles of the FISH technique are as follows. 

1.1. Samples 

The FISH techniques can be used with various target samples. Whatever the 
nature of the sample, DNA hybridization can be performed. 

1.1.1. Tissue Section 

Classically, tissue sections are embedded in paraffin and fixed in formalin. 
These sections can be used for FISH. They will be processed once positioned 
on slides and will require quenching and permeabilization pretreatments. 

1.1.2. Single Cell Suspensions 

Single cell suspensions are relatively easy to isolate by mechanical or enzy¬ 
matic disaggregation of fresh solid tumors. Removal of cytoplasm and nuclear 
proteins can be achieved by alcohol/acetic acid fixation prior to spotting the 
cells on glass slides and pretreating them with enzymatic digestion (pepsin). 

1.1.3. Metaphase Spreads from Tumor and/or Cultured Cell Lines 

Metaphase spreads are obtained using conventional cytogenetic techniques, 
using synchronization and colcemid to arrest cells at the metaphase of the cell cycle. 

1.2. Probes Used for FISH 

1.2.1. Centromere-Specific Probes 

Centrome-specific probes are used to assess chromosome aneuploidy (copy 
number) in a sample. They hybridize specifically to a given centromere. The 
number of signals detected reflects the number of chromosomes present in the 
cells. They are usually commercially available either labeled with haptens 
(biotin or digoxigenin) or directly labeled (several fluorochromes available). 
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1.2.2. Painting Probes 

Painting probes allow one to “paint” specifically a whole chromosome or a 
whole chromosome arm. It is possible to visualize gross chromosomal break¬ 
age. These probes must be preferentially used on a chromosome metaphase 
spread to give their full efficiency. Use on interphase cells is not recommended. 

1.2.3. Nonrepetitive Clones 

Nonrepetitive clones includes genomic probes such as cosmids, phage arti¬ 
ficial chromosome/bacterial artificial chromosome (BAC/PAC), and yeast 
artificial chromosome (YAC). Depending on their respective insert size, they 
can be used for different purposes. These clones are often used for mapping of 
break points, for specific rearrangement screening. 

1.2.4. Probes for Spectral Karyotyping 

As mentioned earlier, spectral karyotyping or multicolor FISH allows one to 
paint each separate chromosome pair with one specific color. Whole chromo- 
some-specific probes are mixed together after being separately labeled using 
different combinations of five differential labels or fluorochromes. Because 
each chromosome is painted with a unique color, it is then possible to visualize 
and characterize a translocation event present in a metaphase spread, circum¬ 
venting the recognition problem of marker chromosomes when morphology is 
of poor quality, as is often the case in solid tumor. 

1.3. Whole Genomic DNA 

CGH, a new development in FISH, allows the scanning of the entire genome 
for changes in DNA sequence copy number by generating DNA probes from 
total genomic tumor DNA. The CGH approach bypasses the need for intact 
and/or dividing tumor cells and permits analysis with a relatively small amount 
of tumor DNA. 

1.3.1 Isolation of Genomic DNA from Large Amount 
of Malignant Tissue/Cell Lines 

The isolation from a large amount of tumor cells/cell lines is performed 
using classic phenol/chloroform techniques. 

1.3.2. Isolation of Genomic DNA from Small amount of Cells 

Quite often, malignant tissue is not present in large quantities to allow a 
large-scale genomic DNA extraction. Also, in a tumor, malignant cells are 
infiltrated in normal cells. The best approach is to dissect malignant cells from 
tissue sections obtained from routine pathology examination. Using micro¬ 
methods, it is possible to obtain a small quantity of DNA. To perform CGH 
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with a sufficient quantity of DNA, a DOP-PCR technique can be used to gener¬ 
ate sufficient material. 

1.3.3. Degenerate Oligonucleotide Polymerase Chain Reaction 

DOP-PCR is based on the amplification of the whole genome DNA that is 
present in one tube, using degenerated oligonucleotides. This way, the whole 
genomic DNA can be amplified because degenerated oligoprimers can be 
anchored randomly throughout the DNA that is present and thus be used ulti¬ 
mately for CGH experiments. 

1.4. Fluorescence In Situ Hybridization 

FISH is now a well-known, established technique that allows the hybridiza¬ 
tion of a known DNA segment to a target. Different strategies can be used with 
the FISH principle and variations consist in the choice of probe and target 
support. Next, we summarize a limited number of protocols that can be adapted 
to all situations. 

1.4.1. Comparative Genomic Hybridization (CGH) 

One of the FISH variations consists of using whole genomic tumor DNA as 
a probe. Whole genomic tumor DNA is extracted and labeled in one color (usu¬ 
ally green). Whole normal genomic DNA is extracted in parallel and differen¬ 
tially labeled (usually red). Both DNAs are mixed in a 1:1 ratio and 
simultaneously hybridized onto normal chromosome metaphase spreads. At 
each hybridization site, a competition phenomenon takes place between the 
tumor and the normal DNA. If identical copy numbers of DNA are present in 
both the tumor and normal DNA, an equal amount of each DNA will hybridize 
to the given sequence. The resulting color ratio will be an average ratio and 
will produce a merge color from the two original ones (usually yellow). If 
there is amplification in the tumor DNA, the tumor DNA will “win” the com¬ 
petition against the normal DNA. The resulting color ratio then will be shifted 
in favor of the tumor DNA and produce a color predominantly from tumor 
origin (usually green). Inversely, if there is a deletion in the tumor DNA, the 
color ratio will be shifted and produce a color from normal DNA (usually red). 
Using software that is able to analyze color ratio between tumor and normal 
DNA, it is then possible to visualize the amplification/deletion status from a 
given tumor DNA. 

1.4.2. Spectral Karyotyping—Multicolor FISH 

This new advanced FISH technology, multicolor FISH, has been developed 
recently to obtain a molecular cytogenetic karyotype. As mentioned earlier, 
each chromosome is painted with one specific color. Therefore, it is possible to 
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identify any part of chromosome that is translocated to another chromosome. 
This will allow the identification, in a single experiment, of marker chromo¬ 
somes that remain quite often unidentified and uncharacterized. The important 
limitation of this particular approach is the production and obtention of malig¬ 
nant metaphases from the tumor. 

2. Materials 

2.1. Probe Labeling 

1. 10X Nick translation buffer (0.5 M Tris-HCl, pH 7.8; 50 m M MgCl 2 ; 0.5 mg of 
bovine serum albumin (BSA)/mL. 

2. Nucleotide mix (0.5 m M dATP, dCTP, dGTP; 0.1 m M dTTP) (Roche, India¬ 
napolis, IN). 

3. 0.1 M DL-dithiothreitol (DTT) (Sigma, St. Louis, MO). 

4. DNase I (1 mg) (Roche) dissolved in 20 mMTris-HCl, 50 rnMNaCl, 1 m M DTT, 
0.1 mg/mL BSA, 50% glycerol (v/v), pH 7.6. 

5. DNA polymerase I (10 U/pL)(Roche). 

6. Yeast tRNA (10 mg/mL) (Sigma). 

7. Sonicated herring sperm DNA (10 mg/mL) (Sigma). 

8. Hapten or fluorochrome (e.g., biotin, digoxigenin, fluorescein isothiocyanate 
[FITC], Texas Red, rhodamine, dUTP). 

9. Cotl DNA (Life Technologies, Rockville, MD). 

10. 3 M sodium acetate, pH 5.5. 

11. 100% Ethanol (-20°C). 

12. Hybridization solution: 50% deionized formamide; 2X saline sodium citrate [SSC]; 
50 m M sodium phosphate, pH 7.0; 10% dextran sulfate. 

13. Water bath in a cold room/refrigerator. 

14. Refrigerated centrifuge. 

2.2. Slide Pretreatments 

1. RNase A (100 pg/mL in 2X SSC) (Roche). 

2. 2XSSC. 

3. Pepsin (Sigma). 

4. Ethanol series (70, 90, and 100%). 

5. Glass jar containing 10 slides. 

6. Moist chamber. 

7. Water bath. 

2.3. Hybridization 

1. Hybridization solution: 50% deionized formamide, 2X SSC, 50 m M sodium phos¬ 
phate, pH 7.0; 10% dextran sulfate. 

2. Probe stock solutions. 

3. Denaturation solution 70% deionized formamide, 2X SSC, 50 m M sodium phos¬ 
phate, pH 7.0. 
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4. 37°C Water bath. 

5. Moist chamber (with 50% formamide, 2X SSC). 

6. Heating block set for 70 °C. 

7. 37°C Dry incubator. 

2.4. Posthybridization Washes 

1. IX SSC solution. 

2. 0. IX SSC solution. 

3. TNT: 0.1 M Tris-HCl, 0.15 M NaCl, 0.05% Tween-20. 

4. Ethanol series (70, 90, and 100%). 

5. Water bath 45 and 60 °C. 

6. Glass jar. 

2.5. Immunologic Detection 

1. TNB: 0.1 M Tris-HCl, 0.15 M NaCl, 0.5% Boehringer blocking reagent (Roche). 

2. Sheep antidigoxigenin (Fab fragment)-TRITC conjugated (Roche). 

3. Streptavidin-FITC conjugated (Vector, Burlingame, CA). 

4. TNT. 

5. Vectashield-DAPI (Vector). 

6. Ethanol series (70, 90, and 100%). 

7. 37°C Dry incubator. 

8. Glass jar. 

9. Moist chamber (water). 

3. Methods 

3.1. Tissue Section 

The classic deparaffinization protocols can be used: xylene, rehydration 
(100-95% ethanol), and then water. Immerse the slides in 1% H 2 0 2 in 100% 
methanol for 30 min. Wash in two changes of 100% methanol for 5 min each 
and air-dry the slides. Then incubate in pepsin solution (4 mg of pepsin/mL in 
0.2 MCI) for 5-60 min at 37°C; thirty minutes is standard. Pepsin time is to be 
determined for each tissue studied. Pepsin in combination with HC1 is recom¬ 
mended although proteinase K can also be used for proteolytic digestion. After 
pepsin treatment, wash the slides in phosphate-buffered saline, dehydrate 
through ethanol series (70, 90, and 100% ethanol), and air-dry. 

3.2. Single Cell Suspension 

Collect tumors in RPMI-1640 medium (Life Technologies, Rockville, MD) 
with 10-20% fetal calf serum (Life Technologies), 50 mg/mL of penicillin, 
and streptomycin. Mechanically disaggregate tissues by scraping and cutting 
in a Petri dish and filtering. Fix the cell suspension obtained with either ethanol 
or methanol: acetic acid (3:1). The latter seems more appropriate because the 
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acetic acid participates actively in the removal of cytoplasm and nuclear pro¬ 
teins. Store cell suspensions at -20°C until use. 

3.3. Obtention of Metaphases from Tumors and/or Cell Lines 

Cell lines allow one to obtain good morphology metaphases rather easily. 
For tumor material, after mechanical disaggregation, set cells in culture for 
3-9 d. Harvesting and fixation have been described elsewhere (19). 

3.4. Probes Used for FISH 

Centromere-specific, whole-chromosome, and multicolor FISH are now 
commercially available from numerous companies. Company specifications 
must be followed to obtain the best efficiency in hybridization. The non- 
repetitive probes are prepared and extracted using classic cosmid, PAC, and 
YAC extraction techniques. 

3.5. Whole DNA Extraction 

Genomic DNA is extracted using conventional phenol/chloroform tech¬ 
niques. If DNA is extracted from paraffin-embedded tissue sections, 20-60 
sections must be collected. Dissolve paraffin in 1 mL of xylene for 10 min. 
Remove xylene by washing twice with 100% ethanol and allow sections to 
dry. Then digest sections in 400 pL of 50 m M Tris-HCl, pH 8.5, 1 m M EDTA, 
0.5% Tween-20, and 200 mg/mL of proteinase K at 55°C for 3 d. Caution: 
Fresh proteinase K must be added every 24 h. Then extract DNA using stan¬ 
dard phenol/chloroform procedure. In case of microdissection from tissue sec¬ 
tion and microextraction of the tumor DNA, volumes must be adjusted. 

To obtain sufficient material to perform the CGH, DOP-PCR can be used 
prior to CGH. DOP-PCR employs oligonucleotides of partially degenerated 
sequence. This degeneracy, together with a PCR protocol utilizing a low initial 
annealing temperature, ensures priming from multiple, evenly dispensed sites 
within a given DNA or whole genome. 

3.6. Fluorescence In Situ Hybridization (20-22) 

3.6.1. Probe Labeling 

Commercially available probes are usually labeled and can be used directly 
in the hybridization procedure. For the nonrepetitive probes (cosmid, PAC, 
and YACs), a nick-translation labeling procedure is usually applied. Commer¬ 
cial kits are available and will produce similar results as the one described in 

Subheading 2.1. 

In the following protocol, it is assumed that the DNA probe concentration is 
1 pg/pL; if not, the volume of water will have to be adjusted. Mix all of the 
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following together: 26 uL of water, 5 iiL of 10X nick translation buffer, 5 uL 
of DTT, 4 pL of nucleotide mix, 2 pL of labeling dUTP molecule, 1 pL of 
DNA probe, 2 pL of DNA polymerase I (10 U/pL), and 5 pL of DNase I 
(1:1000 from the 1 mg/mL stock solution). The final volume should be 50 pL. 
Place the labeling mixture in a 15°C water bath for 2 h. After the incubation, 
add 5 pL of sonicated herring sperm DNA, 5 pL of yeast tRNA, and the 
required amount of Cot-1 DNA (50- to 200-fold excess—to be assessed for 
each probe). Precipitate labeled DNA by adding 0.1 vol of 3 M sodium acetate 
(pH 5.5) and 2.5X vol of 100% ethanol (-20°C). Place the solution at -20°C 
for 30 min, spin down for 30 min at +4°C, and resuspend the pellet in hybrid¬ 
ization solution. Probes can be stored at -20°C. For CGH, better results are 
achieved when longer DNA fragments are generated during labeling. It is thus 
advised to reduce the amount of DNase I in the labeling mixture to 2 pL. 

3.6.2. Slide Pretreatments 

As mentioned earlier, tissue sections are pretreated with pepsin solution. 
For the other types of target DNA, it is also recommended to pretreat the sample 
preparations in order to obtain an optimal permeability for the probes and pos¬ 
sibly for the antibody in case of hapten labeling. 

Apply 100-120:1 of RNase A solution on the slide and incubate for 1 h at 
37°C in a moist chamber humidified with water. Wash the slides in 2X SSC. 
Place the slides for 10 min (standard) in a 10 mg of pepsin/100 mL of 0.01 M 
HC1 solution in a 37°C water bath. Wash the slides in 2X SSC and dehydrate 
through an ethanol series. 

If the loss of cells after the pepsin treatment appears to be too important, 
either the length of the pepsin treatment can be shortened or a postfixation step 
can be added by placing the slides for 10 min in a 1 % acid-free formaldehyde, 
IX PBS, 50 m M MgCl 2 solution at room temperature. Then formaldehyde is 
removed by washing in IX PBS and slides are dehydrated. 

3.6.3. Hybridization 

The protocol differs whether a centromere-specific probe or other probes 
are used. 

3.6.3.1. Centromere-Specific Probes 

Centromere-specific probes consist usually of short sequences correspond¬ 
ing to highly repetitive satellite DNA, specific for (almost) each centromere. 
They do not need a preincubation with unlabeled competitive Cot-1 DNA. 
Apply the probe (2-5 ng/pL) to the target area. Denature the slide and the 
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DNA probe simultaneously for 2 to 3 min at 70 °C. Hybridize overnight at 
37°C in a moist chamber. 

3.6.3.2. Other Probes 

Whole chromosome painting probes and spectral karyotyping probes, even 
though they are commercially available already labeled, need a competition 
preanneling step, to allow the Cot-1 to suppress repetitive sequences. Depend¬ 
ing on the nature of the probe, a working solution is prepared to reach the 
requested concentration (5 ng/uL of cosmid, 10 ng/uL of PAC/BAC, 20 ng/uL 
of YAC; for commercially available probes, follow manufacturer’s instruc¬ 
tions). Denature the DNA by placing it for 5 min in boiling water. Place the 
DNA for 1 min on ice, spin down briefly, and preanneal by placing the DNA 
for 1-2 h in a 37°C water bath. During the preannealing of the DNA probe, 
apply denaturation solution to the target DNA. Place the slide on a heating 
block set at 70°C for 2 to 3 min. Wash off the denaturation solution once with 
2X SSC and then dehydrate the slides through ethanol series. After 
preannealing, place the probe on the target DNA and allow to hybridize over¬ 
night at 37 °C in a moist chamber. 

3.6.4. Posthybridization Washes 

All the washing solutions need to be prewarmed at 45°C and 60°C, respec¬ 
tively, before use. 

Wash the slides three times for 5 min in IX SSC at 45°C. Then wash the 
slides in high-stringency washes (0.1X SSC) at 60°C. Wash the slides for 
5 min in TNT solution. Directly labeled (FITC, TRITC, Texas Red) probes do 
not need immunologic detection. Then directly dehydrate the slides in ethanol 
series and air-dry. 

3.6.5. Immunologic Detection 

The hapten-labeled probes (biotin, digoxigenin) need to be detected using 
fluorochrome-conjugated antibodies. The protocol given here is for the detec¬ 
tion of two different probes labeled with biotin and digoxigenin, respectively, 
with a single-layer detection procedure. For smaller probes, a three-layer 
detection procedure might be necessary. However, the use of small probes on 
paraffin-embedded tissue section is rather difficult. The antibodies mentioned 
here can be substituted by others, giving similar results. 

After washing in TNT, incubate slides for 30 min with the sheep 
antidigoxigenin-TRITC antibody (2 ug/uL) and streptavidin-FITC (2.5 ug/uL) 
in TNB solution at 37 °C in a moist chamber. Then wash slides three times for 
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5 min in TNT and dehydrate through ethanol series. Mount the slides in 
Vectashield with 4,6-diamidino-2-phenylindole-2HCl. Chromosomes and 
nuclei will be counterstained in blue. 

3.7. Comparative Genomic Hybridization 

Tumor and normal DNA are usually directly labeled with fluorochromes. 
Because the red/green ratio will be used to estimate the amplification/deletion 
status of the tumor DNA, the use of fluorochrome-labeled DNA avoids vari¬ 
ability owing to the use of immunologic detection. The different ratios are cal¬ 
culated and interpreted using specific software packages, now available 
through several companies. In our laboratory, the Perspective Scientific In¬ 
strument (PSI) system has been chosen. 

3.8. Multicolor FISH/Spectral Karyotyping 

The 26 color probes are also directly labeled. Similar to CGH, the analysis is 
possible through specific software packages commercially available. As men¬ 
tioned, we chose to use the PSI system. For both applications, this system meets 
our needs in good FISH capture and analysis software coupled with an excel¬ 
lent karyotyping package. 

4. General Conclusion and Future Insight of FISH in Molecular 
Cytogenetics of Melanoma 

FISH is a very important tool to study the molecular events that may arise in 
malignant melanoma. Indeed, the applications are numerous, because even if 
some clues on the importance of some chromosomes have been demonstrated, 
the central and original event is still unknown. It is hoped that the FISH 
approaches described in this chapter will help in this search, since cytogenetic 
techniques have improved in recent years. Undoubtedly, the development of 
techniques such as CGH and especially multicolor FISH will provide many 
data that will be used further in more targeted FISH with sequence-specific 
probes. Once the event is characterized at the chromosome level, the insight to 
the molecular and genetic level will follow. This will certainly help us in 
improving our understanding of the pathogenesis of malignant melanoma. 
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Antigen-Pulsed Dendritic Cell Approach 
to Melanoma 

Frank O. Nestle, Adrian Tun-Kyi, and Michel F. Gilliet 


1. Introduction 

Dendritic cells (DCs) are potent antigen-presenting cells (1) with wide tis¬ 
sue distribution. They are classified based primarily on their localization: as 
Langerhans cells when present in the epidermis and as dermal DCs when found 
in the dermis. DCs exhibit several common features: an irregular shape with 
elongated dendritic processes, a distinctive cell-surface phenotype, low buoy¬ 
ant density, active motility, and the ability to stimulate vigorous proliferation 
of unprimed T-cells. DCs are able to ingest, process, and present antigen in the 
context of major histocompatibility complex (MHC) molecules. However, 
because of their high expression of MHC class I and II, as well as costimulatory 
molecules and adhesion molecules, DCs have the ability to induce primary 
T-cell-dependent immune responses in vivo and in vitro. This outstanding fea¬ 
ture gives DCs a central role in controlling adaptive T-cell-based immunity. 

For years the low frequency of DCs throughout the human body (e.g., <0.2% 
of human mononuclear cells are mature blood DCs) has been a major obstacle 
to the development of immunotherapeutic strategies based on the ex vivo anti¬ 
gen loading of DCs. 

Recently, several laboratories have developed new culture methods for the 
generation of high numbers of human DCs from blood, bone marrow, or CD34 + 
stem cells. The first report on the generation of DCs from peripheral human 
blood was described by Caux et al. (2) in 1992. This approach, based on the 
isolation and culture of proliferating CD34 + cells, is less practical for small 
samples of blood, in which the frequency of CD34 + cells is very low (0.1 %). A 
major breakthrough was the description of a method to generate blood-derived 
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DCs from monocytes by culture with granulocyte macrophage colony- 
stimulating factor (GM-CSF) and interleukin-4 (IL-4) (3,4). This allowed the 
design of novel immunotherapeutic strategies using ex vivo-generated DCs as 
adjuvants (5,6). Although reaching a good level of maturation at d 7, these 
culture conditions involved xenologous sera such as fetal calf serum (FCS), 
which may be suboptimal in clinical applications. FCS-free autologous condi¬ 
tions necessitate an additional maturation step for the generation of mature 
DCs. In this two-step culture system, peripheral blood mononuclear cells 
(PBMCs) are first differentiated in autologous plasma-supplemented medium 
with the addition of GM-CSF and IL-4 for 7 d and then stimulated for an addi¬ 
tional 3 d with monocyte-conditioned medium (7,8). This completely autolo¬ 
gous culture system may have the disadvantage of an unpredictable DC quality 
owing to the variation in the content of maturation-inducing cytokines in the 
conditioned medium. An improved method came with the identification of 
IL-1, IL-6, and tumor necrosis factor-a (TNF-a) as substitutes for the mono¬ 
cyte-conditioned medium (9,10). Prostaglandin E 2 (PGE 2 ) was found to fur¬ 
ther enhance the yield and the quality of DCs generated (9). 

The in vitro maturation of blood-derived DCs has many similarities to the in 
vivo physiologic maturation of Langerhans cells upon antigen uptake and 
migration to the T-cell areas of lymphoid organs. Like skin-resident Langer¬ 
hans cells, immature blood-derived dendritic cells have an efficient antigen 
uptake and processing machinery with highly recirculating MHC complexes 
(11). Mature BDC, with their strong T-cell stimulatory capacity, correspond 
qualitatively to Langerhans cells after migration into the lymph node. Profound 
insight into their maturation pathway (Fig. 1) makes BDC optimal tools for 
immunotherapy based on DCs as adjuvants. Full protein antigens may be pref¬ 
erentially delivered at the immature stage, when the processing machinery is 
highly activated. Further in vitro culture will generate mature DCs, which are 
less able to capture new proteins but are better at stimulating resting CD4 and 
CD8, therefore representing optimal candidates for immunization. An addi¬ 
tional maturation to “superactivated DCs” takes place in vivo after DC vacci¬ 
nation: interaction with CD40L on T-cells will license DCs to fully activate 
cytotoxic T-cells without bystander T-cell help (12-14) (Fig. 2). 

The use of DCs as adjuvants for antigen-based immunointervention strate¬ 
gies in melanoma will open new ways for the treatment of this deadly disease (15). 

2. Materials 

2.1. Culture Medium 

DC cultures are grown in X-VIVO 15 supplemented with 1% heat-inactivated 
autologous plasma. 
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Fig. 1. DC differentiation from monocytes. 


1. Centrifuge 10 mL of heparinized autologous whole blood for 10 min at 1300g. 

2. Collect the clear cell-free supernatant (plasma) and transfer into a 15-mL tube. 
Keep the cellular components for PBMC isolation. 

3. Heat inactivate in a 56°C water bath for 1 h. 

4. Centrifuge and collect the supernatant (heat-inactivated plasma). 

5. Prepare complete culture medium (CM): 96% X-VIVO 15 (03-418Q; Bio- 
Whittaker), 1% heat-inactivated autologous plasma, 2% 200 m M L-glutamin 
(K0282; Seromed, Berlin, Germany), 1% penicillin/streptomycin (10,000 IU/mL) 
(15140-114; Gibco, Basel, Switzerland). 

6. Filtrate through a 0.2-um filter and store at 4°C. 

2.2. Reagents 

1. Phosphate-buffered saline (PBS). 

2. EDTA (E-5134; Sigma, Buchs, Switzerland). 

3. Bovine serum albumin (BSA) (A-7906; Sigma). 

4. Formaldehyde solution (47608; Fluka, Buchs, Switzerland). 

5. Ficoll-Paque (17-0840-02; Pharmacia Biotech. Diibendorf, Switzerland). 

6. Tissue culture flasks (75 cm 2 ) with 0.2-pm vented plug seal cap (3111; Falcon, 
B&D, Meylan, France). 
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Fig. 2. Flow cytometry analysis of immature (d 7) and mature (d 10) monocyte- 
derived DCs. 


7. Recombinant human cytokines: GM-CSF (Leukomax, Sandoz, Bern, Switzer¬ 
land), 1L-4 (204-IL-005; R&D, Wiesbaden-Nordenstadt, Germany), 1L-1|3 
(201-LB-005; R&D), IL-6 (206-IL-001; R&D), TNF-a (210-TA-010; R&D). 

8. FACS buffer: PBS, 1% BSA, 5 mMEDTA, 0.01% NaN 3 . Store at 4°C. 

9. FACS fixative solution: FACS buffer, 0.5% formaldehyde. Solution is light sen¬ 
sitive; store at 4°C and do not expose to light for prolonged periods. 

10. Mouse antihuman monoclonal antibody: CD 83 FITC (4210; Immunotech, 
Marseille, France), CD 80 PE (340294; B&D), CD 86 FITC (33404; Pharmingen, 
Hamburg, Germany), HLA-DR FITC (7363; B&D). 

11. Isotype controls: IgG 2b FITC (284-040; Ancell, Bayport, MN), IgG! PE (9043; 
B&D), IgG! FITC (9041; B&D), IgG 2a FITC (9010; B&D). 

12. Polytron (Kinematica AG, Switzerland). 

13. Millex-GP (SLGPR25CS; Millipore, Switzerland). 

14. Bio-Rad Protein Assay (500-0006; Bio-Rad, Switzerland). 

3. Methods 

3.1. Step 1: Generation of Immature DCs 

1. Collect 80 mL of heparinized peripheral blood from patients or healthy donors. 

2. Separate into four 50-mL tubes and dilute 1:1 in PBS (20 mL of blood + 20 mL 
of PBS). 

3. Underlay carefully the 40-mL diluted blood sample with 10 mL of Ficoll-Paque 
and centrifuge for 20 min at 666 g. 
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4. Isolate PBMCs by gently aspirating the interface between the plasma and the 
Ficoll-Paque with a 10-mL pipet. Transfer to a clean centrifuge tube, wash twice 
with at least 3 vol of PBS, and resuspend in 15 mL of CM. 

5. Incubate for 2 h at 37°C and 5% C0 2 in a 75-cm 2 culture flask (adherence step). 

6. Discard nonadherent cells and wash the flask surface twice with PBS (at room 
temperature) to eliminate residual lymphocytes and thrombocytes. 

7. Incubate adherent cells (monocytes) overnight at 37°C, 5% C0 2 with 15 mL of 
CM (without cytokines). 

8. At d 2, substitute CM with 15 mL of fresh medium supplemented with 800 U/mL 
of GM-CSF and 1000 U/mL of IL-4. 

9. Incubate for another 6 d at 37°C and 5% C0 2 . 

10. At d 7 rinse off nonadherent cells (immature DCs) and wash once with PBS. 

3.2. Step 2: Generation of Mature DCs 

1. Transfer the d 7 immature DCs to new 75-cm 2 culture flask with 15 mL of CM 
supplemented with 800 U/mL of GM-CSF and 1000 U/mL of IL-4. Use either 
monocyte-conditioned medium (protocol 1) or proinflammatory cytokines (pro¬ 
tocol 2) as maturation stimuli: 

a. Protocol 1 (modified from Bender/Romani [7,8]): Add 20% monocyte- 
conditioned medium, generated as described in Subheading 3.3. 

b. Protocol 2 (modified from Jonuleit [9]): Add 10 ng/mL of IL-1(3. 1000 U/ml 
of IL-6, and 10 ng/mL of TNF-a. Add 1 ug/mL of PGE 2 . 

2. Incubate at 37°C and 5% C0 2 for 3 d (until d 10) and rinse off the nonadherent 
mature DCs. Wash once with PBS. 

3. Count the cells, determine viability, and perform quality control. 

3.3. Generation of Monocyte-Conditioned Medium 

1. Apply 10 mL of 10 mg/mL of human '/-globulin solution to a bacteriologic 10-niL 
dish and swirl the plate until the entire surface is coated. Leave for 1 min and then 
aspirate back the fluid. 

2. Leave the coated plates at room temperature for 30 min. 

3. Just before use, gently wash the plates with cold PBS twice: add PBS slowly to 
the side of the plate and let it run down onto the surface. Swirl the plate to cover 
and “rinse” the surface. Aspirate off between washes and before the addition of 
cells. 

4. Draw 50 mL of peripheral blood, isolate PBMCs (approx 50 x 10 6 ) by Ficoll 
centrifugation as described in Subheading 3.1. and resuspend in 10 mL of CM. 
Add cells to coated plates and incubate at 37°C and 5% C0 2 for 30 min. 

5. Vigorously rinse off the nonadherent cells. 

6. Add 10 mL of CM on adherent cells (monocytes adhering to IgG-coated plates 
via Fc-receptor) and incubate at 37°C and 5% C0 2 for 24 h. 

7. Isolate the cell-free supernatant and store at 4°C for a maximum of 1 wk or at 
-20°C for longer periods. 
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3.4. Quality control 

Phenotypic changes are monitored by light microscopy and flow cytometric 
analysis of surface marker expression: CD83 as DC maturation markers and 
CD80, CD86, and HLA-DR as functional relevant markers. 

1. Put 10 s DCs into eight FACS tubes. Keep the cells at 4°C on ice. 

2. Wash twice with FACS buffer (keep the solution at 4°C). 

3. Add antibodies (anti-CD83, -CD80, -CD86, -HLA-DR and respective isotype con¬ 
trols) diluted in 100 pL of FACS buffer and incubate for 30 min at 4°C in the dark. 

4. Wash twice with FACS buffer. Do not expose stained cells to light for prolonged 
periods, to avoid bleaching of the fluorescent dye. 

5. Fix cells by adding 400 uL of FACS fixative solution and keep at 4°C until flow 
cytometric analysis (should be done within 3 d for optimal results). 

3.5. Tumor Lysate 

1. Excise pigmented tumor material, and disperse the tumor material with a mixer 
after the addition of 1 mL of PBS. 

2. Centrifuge the homogenate for 5 min at 666 g. 

3. Put the supernatant into a new tube and submit it to three freeze-thaw cycles. 

4. Pass the solution through a 0.2-pm filter. 

5. Irradiate the lysate using a gamma irradiation unit (12,000 rad). 

6. Measure the protein concentration using the Bio-Rad protein assay according to 
the manufacturer’s guidelines. 

7. Adjust the protein concentration to 10 ug/uL with sterile PBS. 

8. Make 10-pL aliquots and store at -80°C. 

4. Notes 

1. Culture conditions involving FCS-supplemented media produce fairly mature 
DCs within 7 d, which are much more potent than “immature” cells generated 
under non-FCS conditions, but may be inappropriate for human applications 
owing to the presence of xenologous proteins. The use of autologous plasma 
requires an additional maturation step after the classic 7-d culture period in order 
to generate mature DCs with potent T-cell stimulatory capacity. 

2. Heat inactivation of plasma is an essential procedure to prevent complement 
activation. 

3. The addition of 5 mM EDTA to wash solution (PBS) may enhance the PBMC 
yield by avoiding clumping of cells. 

4. Alternatively, to plastic adherence, T- and B-cells may be eliminated by 
immunomagnetic depletion with CD 19 and CD3 Dynabeads. This procedure, 
aiming at the purity of the monocyte preparation, may not be suitable for subse¬ 
quent in vivo use of generated DCs. We therefore prefer a simple 2-h adherence 
step that gives us routinely a recovered DC population of >80%. 

5. Adherent cells are cultured at approx 0.5 x xlO 6 cells/mL, which allows an easy 
7-d culture period without the need of medium and cytokine replacement. The 


Antigen-Pulsed DC Approach to Melanoma 


201 


convenience of the procedure and its safety regarding possible contamination 
steps by avoiding repetitive handling of cells make this protocol suitable for clini¬ 
cal applications. Increasing the cell density to 1 x 10 6 cells/mL by culturing the 
cells in six-well plates (3 x 10 6 cells in 3 mL/well) slightly increases the yield of 
mature CD83-positive DCs but necessitates a CM replacement every other day 
and bears the risk of contaminations. 

6. Mature DCs should be isolated between d 9 and d 10. 

7. Mature DCs (4.0 [± 2.4] x 10 6 ) can be generated from 80 mL of peripheral blood 
(n = 29). As role of thumb: 1 x 10 6 PBMCs/mL of blood is obtained after Ficoll 
centrifugation, 10% of PBMCs is plastic-adherent monocytes, and half can be 
isolated as mature DCs at d 10 of culture. 

8. Monocyte-conditioned medium was described as the stimulus for the generation 
of mature DCs in an FCS-free culture system (7,8). A major advantage of this 
cocktail is that it does not contain any foreign serum and can be obtained from 
autologous human blood. However, the considerable and unpredictable varia¬ 
tions of the quality of monocyte-conditioned medium represent a hazard for the 
generation of standardized mature DCs. The identification of the growth factors 
mediating the monocyte-conditioned medium effect (9,10) allows the substitu¬ 
tion of monocyte-conditioned medium with a well-defined cytokine cocktail 
(IL-1|3, IL-6, TNF-a) for the generation of uniformly mature DCs. 

4. PGE 2 enhances the maturation, homogeneity, and quality of DCs when used as 
described (9). It is, however, important to keep in mind that the effects of PGE 2 
on DC maturation are strictly dependent on culture conditions and the presence 
of additional activation signals such as IL-1 and TNF-a. Some investigators have 
shown that in FCS-containing conditions, the addition of PGE 2 in the absence of 
proinflammatory cytokines inhibits the maturation of DC precursors. Further¬ 
more, the addition of PGE 2 before d 5 of culture completely inhibits the matura¬ 
tion of DCs and results in differentiation of macrophage-like cells (16). 

9. The protocol described in Subheading 3. may be used for vaccination therapies 
in a single center approach and does not correspond in every aspect to good manu¬ 
facturing practice criteria depending on different countries. 

10. Homogenization should be performed on ice. 

11. Centrifugation is performed to remove nondispersed tissue. 

12. Freeze-thaw cycles, filtration, and irradiation are performed in order to make 
sure that the lysate is free of viable tumor cells. 
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Gene Therapy in Melanoma 

Giorgio Parmiani, Flavio Arienti, Cecilia Melani, Filiberto Belli, 
Gianfrancesco Gallino, and Arabella Mazzocchi 

1. Introduction: Different Approaches to Cancer Gene Therapy 

The identification of genes involved in different biologic functions and in 
the pathogenesis of diseases has paved the way to the possibility of either inter¬ 
fering with the role of such genes or replacing them in somatic cells in case of 
loss, which may occur in some genetic diseases or cancer. Such progress has 
been accomplished thanks to advances in molecular biology and applied tech¬ 
nology that allow the transport and insertion of genes into recipient cells by 
viral or physical vectors as well as the inhibition of gene transcription by anti- 
sense oligonucleotides. Methods have also been devised to transfer genes not 
only in vitro but also in vivo, although this latter approach is still limited owing 
to poor selectivity and targeting of most vectors when given systemically. Viral 
and physical vectors have been employed; each of these vectors has distinct 
advantages and disadvantages, and, therefore, the appropriate vector should be 
selected according to the therapeutic system involved (1). Retroviral vectors 
have been used largely for their ability to selectively transfect proliferating 
cells, a feature that can be advantageous in case one wishes to target only pro¬ 
liferating tumor cells. Owing to the heterogeneous proliferation rate in differ¬ 
ent parts of a tumor, however, it could be desirable, under some circumstances, 
to be able to target even the fraction of nonproliferating tumor cells. This can 
now be obtained by the use of lend virus (2) or by switching to the use of 
adenoviruses that can target both dividing and quiescent cells but also induce 
unwanted inflammmatory reactions from the host. 

Among the many different genetic changes occurring in cancer cells, activa¬ 
tion of oncogenes or inactivation of tumor suppressor genes plays an important 
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role in the development of human cancer. Therefore, gene therapy theoreti¬ 
cally can make use of two opposite strategies: disruption of oncogene tran¬ 
scription by antisense oligonucleotides (in the case of oncogenes) and 
replacement of tumor suppressor genes that have been lost in cancer cells. Both 
these strategies have been found to meet with some success in several human 
tumors when experiments were carried out ex vivo with in vitro growing cell 
lines, whereas the in vivo application was more problematic owing to the lim¬ 
ited ability to convey either oligos or therapeutic genes into single cells of a 
tumor mass growing in distant organs. In addition, as in the case of melanoma, 
knowledge of the genes involved in the process of carcinogenesis and progres¬ 
sion may not be sufficient to identify the precise target of this direct type of 
gene therapy. 

Another strategy is that of the suicide genes, or genetic prodrug activation. 
In such a case, tumor cells need to be transfected with genes encoding proteins 
(usually enzymes) of prokaryotes that are absent or weakly or inefficiently 
expressed by mammalian cells and allow the transfected cells to metabolize a 
prodrug into a cytotoxic compound. The administration of the prodrug to 
cancer-bearing individuals results to the destruction not only of tumor cells 
that had received the gene, but also of surrounding cells owing to the so-called 
bystanding phenomenon that is probably mediated by a release of the activated 
drug from gene-transfected cells. Even with this strategy, however, the in vivo 
targeting of cancer cells with the given gene that confers the ability to metabo¬ 
lize the drug remains difficult. This limitation can be bypassed at least partially by 
intralesional injections with the vector bearing the appropriate gene as may 
occur in brain tumors that can be precisely targeted by the stereotaxic technique. 

Another strategy is to use indirect approaches in the control of tumor growth. 
Two main approaches can be envisaged: one is immunologic and the other is 
based on the attempt to block neoangiogenesis by the growing tumor. The 
immunologic approach is aimed at constructing more efficient reagents to be 
used in the immunotherapy of cancer (3). This approach is applicable to those 
human neoplasms that are well characterized from the immunologic standpoint 
such as melanoma, whereas it appears less suitable for tumors (e.g., lung can¬ 
cer) for which the knowledge of factors necessary for setting up a specific 
immunologic therapy is scanty. In fact, to devise a sound immunotherapy pro¬ 
tocol, one needs to know the genes that encode tumor-specific antigens, along 
with those that may confer either a better immunogenicity to a vaccine or a 
precise recognizing function to antitumor immune cells. Such genes can then 
be transfected into normal or tumor cells and exploited in an attempt to increase 
the efficiency of imunologically based cancer therapy. The exciting recent 
developments in basic and applied immunology are providing new infor¬ 
mation that can be exploited in constructing reagents for a more effective 
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tumor immuntherapy. In such a context, gene manipulation represents a cru¬ 
cial technology. 

The antiangiogenetic approach is still in its early use, but several studies 
with animal models or in vitro have shown the possibility of transferring into 
tumor cells genes that can inhibit the function of those genes (e.g., vascular 
endothelial growth factor [VEGF]) that are known to promote tumor neoangio¬ 
genesis and whose disruption or blocking will result in tumor regression or 
cytostasis (4). Even in such an exciting approach, however, limitations lie in 
the selection and targeting of metastatic lesions in the body. 

Thus, a variety of strategies is available that need to be modulated according 
to the different tumors and different clinical conditions to be treated. These 
strategies include approaches that make use of different vector systems, differ¬ 
ent genes, and even combinations of different approaches. 

After a period of overoptimism, gene therapy of tumors has now entered 
into a more realistic time in which preclinical and clinical studies are aimed at 
testing scientifically sound hypotheses without emphasizing possible and 
immediate widespread clinical applications. 

2. Melanoma: The Disease and Its Immunobiologic Features 

Melanoma is a skin tumor that affects a relatively limited number of indi¬ 
viduals in the Western world. However, when not cured by early surgical inter¬ 
vention, metastatic disease is often fatal. Moreover, possibly owing to an 
increased acute exposure to ultraviolet light for recreational reasons, the rate 
of incidence and mortality of melanoma has risen rapidly during the last 10 yr 
in the Western world, with the incidence in the United States jumping from 
fewer than 3 in 100,000 individuals to more than 12 in 100,000 today. A simi¬ 
lar trend is present in Western European countries. Many efforts, therefore, 
have been made worldwide to understand better the biology of this dreadful 
disease, which still remains practically incurable after the appearance of vis¬ 
ceral metastases. Skin melanoma can progress through several histologically 
and biologically defined steps from precursor nevi to dysplastic nevi to in situ 
primary tumor to vertical growth phase primary melanoma with metastatic 
competence to distant metastasis (5). Transition from one step to another is 
usually accompanied by biologic and genetic changes, some of which have 
been identified and molecularly characterized. However, information about 
which genes are involved in neoplastic transformation of melanocytes in 
humans and by which mechanism remains scanty, despite the work of several 
groups of investigators. 

Even immunologic changes during progression, however, are less well 
understood both in terms of expression of antigens recognized by immune cells 
and of alterations in the ability of the patient’s immune system to be activated 
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by such antigens. In general, two opposite trends can be found during the pro¬ 
gression of melanoma from the primary, nonmetastatic horizontal growth phase 
through metastases: a trend in the reduction of expression of T-cell-defined 
antigens of the differentiation type (e.g., tyrosinase, Melan-A/MART-1, gplOO, 
tyrosine-related protein-1 [TRP-1 ], TRP-2) possibly owing to immunoselection 
(6), and a tendency to a more frequent expression, at least at the mRNA level, 
of other, apparently less immunogenic antigens such as the melanoma antigen 
(MAGE) and B-antigen (BAGE) families (7). 

In any event, the large number of antigenic epitopes recognized by T-cells 
that is now available renders the analysis of the role of each of them in stimu¬ 
lating or inhibiting the immune response rather difficult. Note, however, that 
recent work of different research groups has indicated that nearly 50% of 
patients with metastatic melanoma have a high frequency of melanoma antigen- 
specific memory cytotoxic T-lymphocyte (CTL) precursors in their blood (8). 
Such effectors should therefore be easily activated by different immunologic 
maneuvers, including vaccination and administration of cytokine or adoptive 
immunotherapy. 

3. Gene Therapy of Melanoma 

3.1. Immunologic Approaches 

The immunologic gene therapy of cancer can be divided into two main 
approaches: genetic modification of neoplastic or normal cells to construct vac¬ 
cines, and insertion of genes into lymphocytes to be used in adoptive immuno¬ 
therapy. These two approaches are discussed next. 

3.1.1. Vaccination with Gene-Modified Normal or Tumor Cells 

Many animal studies have shown that cytokine gene-transduced neoplastic 
cells of different histology can elicit tumor growth inhibition that is frequently 
followed by a systemic antitumor immunity, although the underlying mecha¬ 
nisms are slightly different according to the type of cytokine released by tumor 
cells (9). Vaccines derived from these gene-modified cells were shown to 
induce regression of established murine neoplasms, although in a fraction of 
cases (10). Based on this rationale, several pilot or phase I/II clinical trials have 
been initiated using either autologous or allogeneic cytokine gene-transduced tumor 
cells (see Table 1). To avoid the need to obtain a tumor line from each patient, 
a goal that is often difficult to achieve, normal cells also have been used as 
recipients of cytokine genes; such cells were then admixed with fresh tumor 
cells and injected into the patients. Table 2 lists clinical protocols that are 
either initiated or at least approved by regulatory bodies and that involve the 
use of gene-transduced normal cells. However, only a limited number of reports 


Table 1 

Clinical Protocols of Vaccination with Gene-Modified Melanoma Cells 


Transduced 

melanoma cells 

Transduced gene 
(cytokine) 

Vector 

Transduction 

approach 

Administration 

Phase 

Responsible investigator" 

Autologous 

GM-CSF 

Adenovirus 

Ex vivo 

id and sc 

I 

Suzuki, T., Kansas City, KS 

Autologous 

GM-CSF 

Adenovirus 

Ex vivo 

SC 

I 

Dranoff, G., Boston, MA 

Autologous 

GM-CSF 

Vaccinia virus 

In vivo 

Intratumoral 

I/II 

Mastrangelo, M. J., Philadelphia, PA 

Autologous 

GM-CSF 

Gold particle 

Ex vivo 

id 

I/IB 

Mahvi, D. M., Madison, WI 

Autologous 

GM-CSF 

Retrovirus 

Ex vivo 

id 

I 

Chang, A. E., Ann Arbor, MI 

Autologous 

IL-2 

Retrovirus 

Ex vivo 

SC 

I 

Economou, J. S., Los Angeles, CA 

Autologous 

IL-2 

Adenovirus 

Ex vivo 

id and sc 

I 

Stingl, G., Vienna 

Autologous 

IL-2 

Adenovirus 

In vivo 

Intratumoral 

I 

Stewart, A. K., Toronto 

Autologous 

IL-2 

Retrovirus 

Ex vivo 

id and sc 

I/II 

Rosenberg, S. A., Bethesda, MD 

Autologous 

IL-2 

Plasmid 

In vivo 

Intratumoral 

I/II 

Hersh, E. M., Tucson, AZ 

Autologous 

IL-2 

Retrovirus 

Ex vivo 

SC 

I 

Palmer, K., London 

Autologous 

IL-7 

Plasmid 

Ex vivo 

sc 

I/II 

Schmidt-Wolf, I. G. H„ Berlin 

Autologous 

IL-7 

Plasmid 

Ex vivo 

sc 

I 

Schadendorf D., Berlin 

Autologous 

TNF 

Retrovirus 

Ex vivo 

id and sc 

I/II 

Rosenberg, S. A., Bethesda, MD 

Autologous 

IL-12 

Canarypox 

In vivo 

Intratumoral 

IB 

Conry, R. M., Birmingham, AL 

Autologous 

IL-12 

Plasmid 

Ex vivo 

SC 

I 

Schadendorf, D., Heidelberg 

Autologous 

IFN-y 

Retrovirus 

In vivo 

Intratumoral 

I 

Nemunaitis, J., Dallas, TX 

Autologous 

IFN-y 

Retrovirus 

Ex vivo 

SC 

I 

Nemunaitis, J., Dallas, TX 

Autologous 

IFN-y 

Retrovirus 

In vitro 

sc 

I 

Siegler, H. F., Durham, NC 

Autologous 

IFN-y 

Adenovirus 

In vivo 

Intratumoral 

I 

Rosenblatt, J. D., Rochester, NY 

Allogeneic 

IL-2 

Retrovirus 

In vitro 

SC 

Pilot 

Gansbacher, B., New York, NY 

Allogeneic 

IL-2 

Retrovirus 

In vitro 

im 

I 

Das Gupta, T. K., Chicago 

Allogeneic 

IL-2 

Retrovirus 

In vitro 

sc 

I/II 

Osanto, S., The Netherlands 

Allogeneic 

IL-2 

Retrovirus 

In vitro 

sc 

I/II 

Parmiani, G., Milan 

Allogeneic 

IL-4 

Retrovirus 

In vitro 

sc 

I/II 

Parmiani, G., Milan 

Allogeneic 

IL-7 

Retrovirus 

In vitro 

sc 

I 

Economou, J. S., Los Angeles, CA 


(continued) 
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Table 1 (continued) 


Transduced 

Transduced gene 

Vector 

approach 

Administration 

Phase 

Responsible investigator 0 


Costimulating molecule 





Autologous 

B7.1 

Adenovirus 

In vivo 

Intratumoral 

I 

Schuchter, L., Philadelphia, PA 

Allogeneic 

B7 Plasmid 

Allogeneic HLA molecule 

In vitro 

SC 

I 

Sznol, M., Bethesda 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

I 

Nabel, G. J., Ann Arbor, MI 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

II 

Dreicer, R., Denver, CO 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

III 

randomized 

Thomson, J. A., New York 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

III 

randomized 

Park, C. H„ Seoul 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

II 

Park, C. H„ Seoul 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

I 

Gonzales, R., Denver, CO 

Autologous 

HLA-B7 

Plasmid 

In vivo 

Intratumoral 

I 

Stopeck, A. T., Tucson, AZ 

Autologous 

HLA-B7+ 

(32 microglobulin 

Plasmid 

In vivo 

Intratumoral 

I 

Hersh, E. M., Tucson, AZ 

Autologous 

HLA-B7+ 

(32 microglobulin 

Plasmid 

Ex vivo 

SC 

I 

Fox, B. A., Portland, OR 

Autologous 

HLA-B13 or 
murine H-2K k 

Combination of genes 

Plasmid 

In vivo 

Intratumoral 

I 

Hui, K. M., Singapore 

Autologous 

HLA-B7 
and IL-2 

Plasmid 

In vivo 

Intratumoral 

I 

Gonzales, R., Denver, CO 

Autologous 

B7.1 with or 
without 1L-12 

Canarypox 

In vivo 

Intratumoral 

IB 

Conry, R. M., Birmingham 

Autologous 

IL-2 and 

Staphylococcus 
enterotoxin B 

Other 

Plasmid 

In vivo 

Intratumoral 

I 

Walsh, P., Denver, CO 

Autologous 

HSV-1-thymidine 
kinase 

Adenovirus 

In vivo 

Intratumoral 

I 

Morris, J. C.. Bethesda, MD 


“Italics indicate clinical trials whose results have been published (see Table 3). id, intradermally; sc, subcutaneously; im, intramuscularly. 
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Table 2 

Clinical Protocols of Vaccination with Gene-Modified Normal Cells 


Transduced cell 

Gene transduced 

Vector 

Transduction 

Administration 

Phase 

Principal investigator" 

Autologous CD8+ TIL 

TNF 

Retrovirus 

Ex vivo 

iv 

I/II 

Rosenberg, S. A., Bethesda, MD 

Xenogeneic fibroblast 

IL-2 

Plasmid 

In vitro 

Intra tumoral 

I/II 

Rochlitz, C., Basel 

Autologous fibroblast 

1L-4 

Retrovirus 

Ex vivo 

id 

Pilot 

Lotze, M. T.. Pittsburgh, PA 

Autologous fibroblast 

IL-12 

Retrovirus 

Ex vivo 

Peri tumoral 

II 

Lotze, M. T., Pittsburgh, PA 

Autologous dendritic 

MART-1 

Adenovirus 

Ex vivo 

id or iv 

I 

Economou, J. S., Los Angeles, CA 

Autologous dendritic 

MART-1 and 

Adenovirus 

Ex vivo 

SC 

I/II 

Haluska, F., Boston, MA 

Autologous skin 

gplOO 

gplOO and/or 

DNA-coated 

In vivo 

id 

I 

Albertini, M. R., Madison, WI 

Autologous 

GM-CSF 

gplOO 

gold beads 
Plasmid 

In vivo 

id or im 

II 

Rosenberg, S. A., Bethesda, MA 

Autologous 

MART-1 

Plasmid 

In vivo 

im 

I 

Conry, R. M., Birmingham, AL 

Autologous 

MART-1 

Adenovirus 

In vivo 

sc or im 

I 

Rosenberg, S. A., Bethesda, MD 

Autologous 

or gplOO 
MART-1 

Fowlpox virus 

In vivo 


I 

Rosenberg, S. A., Bethesda, MD 

Autologous 

gplOO 

Fowlpox virus 

In vivo 

iv or im 

I 

Rosenberg, S. A.-Bethesda, MD 

Autologous 

Tyrosinase 

Fowlpox virus and 

In vivo 

im 

II 

Topalian, S. L., Bethesda, MD 

Autologous 

Autologous 

MART-1 

Mutant- 

vaccinia virus 

Vaccinia virus 

Retrovirus 

Ex vivo 

iv 

randomized 

I 

I 

Rosenberg, S. A., Bethesda, MD 
Gerson, S. L., Ohio 

hematopoietic 

progenitor 

Allogenic fibroblasts 

MGMT- 

G156A b 

IL-2 

Plasmid 

Ex vivo 

sc + id 

I 

Veelken, H., Freiburg 

Xenogeneic fibroblasts 

IL-2 

Plasmid 

In vitro 

Intratumoral 

I/II 

Rochlitz, C., Basel 


"Italics indicate clinical trials whose results have been published (see Table 3). 

b G156A is a mutant form of MGMT [0(6)-methylguanine DNA methyltransferase] gene. This gene codes a DNA repair protein that protects 
cells against nitrosourea cytotoxicity, id, intradermally; sc, subcutaneously; im, intramuscularly; iv, intravenous. 
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describing the results of these studies in melanoma patients have been pub¬ 
lished (Table 3). The most relevant end point of these trials was the induction 
or increase in tumor-specific T-cell responses, but toxicity and clinical activity 
were also considered. 

In the case of melanoma patients, vaccines have been constructed ex vivo 
with both autologous and allogeneic melanoma cells ( see Table 1). Autolo¬ 
gous vaccines offer the advantage that only tumor antigens can be recognized 
by the host’s immune system, whereas allogeneic lines can generate anti- 
allogeneic human leukocyte antigen (HLA) or even anti-minor histocompat¬ 
ibility antigen responses that, however, do not seem to impair recognition of 
tumor antigens. However, the choice of autologous cell lines carries several 
disadvantages such as the need to resect a tumor mass of a certain size in order 
to be able to generate the line to be transduced, the variability in gene transfer 
from culture to culture, the labor intensity and economic cost of preparing the 
necessary amount of vaccine and performing the required safety assays before 
injection into patients, and the need to characterize the line for expression of 
melanoma antigens and other molecules as well. These problems can be 
avoided by using allogeneic melanoma lines that can be selected for the high 
expression of melanoma antigens, expanded, gene transduced, stabilized, used 
for safety assays, and irradiated in enough quantity to be administered in 
patients when needed. However, the majority of early planned protocols was 
based on autologous cell vaccines (Table 1) although only a few of these stud¬ 
ies were completed owing to the long time required for enrollment of patients 
from whom the autologous melanoma lines could be established (12,17,19,28). 

Altogether, the results of protocols of vaccination with cytokine gene-transduced 
cells were similar whether autologous or allogeneic vaccines were used inas¬ 
much as clinical responses were weak (Table 3) and T-cell-specific immune 
reactions, when appropriately assessed, were obtained in a minority (20-30%) 
of patients. It is also evident that, given the fact that cytokine gene transduction 
was carried out ex vivo, no major difference was found in immunogenic terms 
between cell lines transduced with retroviral and adenoviral vectors. 

A limited number of studies were conducted by a direct intratumoral injec¬ 
tion of the cytokine gene by using adenoviral or retroviral vectors or a plasmid 
(see Table 1). Although by this approach only local clinical responses may be 
expected, only in one study (17) were such responses reported in 4 of 17 
patients treated. 

In addition to cytokines, other genes have been transduced into tumor cells 
with the purpose of increasing their stimulatory activity, such as B7, a gene 
encoding a costimulatory molecule that may deliver the second signal to acti¬ 
vate naive T-lymphocytes (29). In vitro studies demonstrated that melanoma 


Table 3 

Summary of Clinical Responses Observed in Melanoma Patients Treated According with Gene Therapy Trials 







Clinical 

responses 



Transduced cell 

Transduced gene 

Phase 

Number of patients 

PRO 

SD 

MR 

PR 

CR 

References 

Autologous melanoma 

IL-2 

I 

15 

15" 





11 

Autologous melanoma 

IL-2 

I 

12 

8 

4 




12 

Autologous melanoma 

IL-2 

I 

14 

9 

4 

1 



13 

Autologous melanoma 

IL-2 

I/II 

16 


3 


1 


14 

Autologous melanoma 

IL-7 

I 

8 

2 

4 

2 



15 

Autologous melanoma 

IL-12 

I 

6 

3 

3 




16 

Autologous melanoma 

IFN-y 

I 

17 b 

8 

5 


2* 

2 s 

17 

Autologous melanoma 

IFN-y 

I 

12“ 

not evaluable since tumors were 

18 






removed after 8 d 



Autologous melanoma 

GM-CSF 

I/II 

29 

24 

3 

1 

1 

0 

19 

Autologous melanoma 

GM-CSF 

I/II 

7 

2 


3 

1 

1 

20 

Allogeneic melanoma 

IL-2 

I/II 

12 

7 

2 

3 



21 

Allogeneic melanoma 

IL-4 

I/II 

12 

9 

1 

2 



22 

Autologous melanoma 

HLA-B7 

I 

5 

4 


l d 



23 

Autologous melanoma 

HLA-B7 

I 

14 

5 

4 

7 

0 

1 

24 

Autologous melanoma 

HLA-B13 or H-2K K 

I 

2 

2 





25 

Autologous skin or 

MART- 1 or gplOO 

I 

36 e /18 f 




2 e /0 f 

3 e /l^ 

26 

muscle 










Xenogenic fibroblast 

IL-2 

I/II 

1 


1 




27 

Autologous melanoma 

HSV-1 thymidine 

I/II 

8 b 

8 





28 


kinase 










“Including five local responses. 

b In this protocol transduction was performed in vivo (intratumor administration). 

“In this protocol transduction was performed ex vivo (sc administration). 

^Complete response of treated cutaneous nodule and of some untreated distant metastases. 

“Patients receiving adenovirus MART-1. 

/Patients receiving adenovirus gplOO. 

■''Local response only. 

PRO, progression of disease; SD, stable disease; MR, mixed response; PR, partial response; CR. complete response. 
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cells transduced with B7.1 show an increased immunogenicity for autologous 
and allogeneic patients’ T-cells ( 30 ). Animal models indicate that tumors 
expressing B7 can elicit a strong immunity when transplanted in syngeneic mice 
( 31 ). As shown in Table 1, at least three clinical studies (responsible investigators 
are L. Schuchter, M. Sznol and R. M. Conry, respectively) have been initiated 
with vaccines expressing B7 or B7 plus IL-2, but results are not yet available. 

Another approach of immunologic gene therapy that has been applied in 
melanoma patients is the in vivo intratumoral injection of plasmid coding for 
the allogeneic HLA-B7 (Allovectin-7; Vical, San Diego, CA) with the intent 
of inducing an immune/inflammatory reaction at the tumor site that will acti¬ 
vate recognition and destruction of melanoma cells. Such a study reported the 
generation of T-cell-specific cytotoxicity against the autologous melanoma in 
treated patients ( 23 ). Based on this rationale, some clinical protocols have been 
proposed; two such studies have resulted in published reports (Table 3). One 
of the studies recorded seven minor responses in the injected metastases (>25% 
reduction) and one complete response out of 17 treated melanoma patients ( 24 )\ 
toxicides related to the injections or biopsies included pain, hemorrage, pneu¬ 
mothorax, and hypotension. 

Because tumor cells to be used as recipients of genes are often available in a 
limited number and are unable to grow in vitro, normal fibroblasts that can be 
easily obtained from the normal skin have been used. On cytokine gene trans¬ 
duction, fibroblasts have been admixed with fresh tumor cells (to provide anti¬ 
gens) and injected into patients. There are no convincing preclinical data, 
however, suggesting that this approach is superior to provision of the exog¬ 
enous cytokine (e.g., interleukin-4[IL-4] or IL-12) to tumor cells, and the pre¬ 
liminary results of these clinical studies are rather disappointing. Allogeneic, 
long-term, cultured human fibroblasts transduced with the IL-2 gene were also 
used to vaccinate melanoma patients after admixing with fresh autologous 
tumor cells ( 32 ). Melanoma-specific cytotoxic T-cells could be isolated from 
the tumor infiltrate after vaccination, but only in a few patients. 

A variant form of this approach is the intratumoral injection of xenogeneic 
(monkey) fibroblasts transduced with the IL-2 gene to cause an inflammatory 
reaction that may result into tumor shrinkage; however, this occurred in only a 
limited number of cases ( 27 ). 

It should be emphasized that gene therapy of cancer is aimed at controlling 
metastatic disease, and, therefore, approaches that envisage the injection of 
genes into tumor nodules, although important to prove a principle, will hardly 
be used in the clinic, where the large majority of patients require treatment of 
visceral lesions usually not accessible without invasive techniques. Thus, the 
problem of in vivo targeting remains a major issue of gene therapy, particu- 
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larly in metastatic melanoma because cutaneous, lymph node, and even lung 
lesions can be approached easily by surgery. 

A new development in cancer vaccination lies in the use of dendritic cells 
(DCs), the most potent antigen-presenting cells (APCs) that can now be 
obtained from patients’ blood in such a quantity that allows their clinical use 
(33). Table 2 lists examples of clinical studies in which autologous DCs have 
been transfected with genes coding for one or more T-cell-defined melanoma 
antigens and then injected into melanoma patients to elicit a melanoma- 
specific immune response. In vitro studies have shown that these DCs can elicit 
primary T-cell responses from peripheral blood lymphocytes (PBLs) of mela¬ 
noma patients (34). As shown in Table 2, different vectors can be used in 
clinical protocols along with different routes of administration. However, no 
published data are available from these studies. 

Altogether, the studies of vaccination with autologous or allogeneic gene- 
transduced neoplastic or normal cells suggest that only in a limited number of 
cases a specific, T-cell-defined antimelanoma response can be elicited and that 
clinical consequences of such a response are modest. However, important 
information has also been collected from several of these studies that, together 
with the new findings of animal models, now allows optimization of this 
approach in order to obtain more convincing clinical responses. More specifi¬ 
cally, one should construct vaccines whose cells express high density of known, 
immunogenic melanoma antigens and release a cytokine that can provide a 
microenvironment that favors the recruitment of DCs and their maturation to 
enable the antigens to be taken into draining lymph nodes where immunization 
of T-cells may occur. Whether or not expression of class I and II major histo¬ 
compatibility complex and of costimulatory molecules is important is debat¬ 
able (see ref. 3). In fact, although cross-priming is recognized as the most 
important mechanism of antigen presentation to naive T-cells, when patients 
are already primed against melanoma antigens (8), a direct APC function might 
be carried out by tumor cells themselves and help generate an efficient T-cell 
response. Indeed, memory T-cells can be reactivated even in the absence of 
costimulatory molecules. Recent observations indicate also that the mecha¬ 
nism by which tumor cells die (in the case of gene-modified vaccines, this 
occurs by radiaton) and release their antigens can be crucial for the 
immunogencity of tumors that appears to be increased when heat-shock pro¬ 
teins are involved (35). 

3.1.2. Adoptive Immunotherapy with Gene-Modified Lymphocytes 

Available technology allows the transfer of genes into lymphocytes. Thus, it 
is possible to confer to such cells an antitumor activity superior to that they 
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may have acquired spontaneously in vivo or after in vitro stimulation. In fact, 
previous studies showed that, despite the injection of high amounts of lymphokine- 
activated killer cells or of tumor-infiltrating lymphocytes (TILs) into mela¬ 
noma patients, the clinical response rate was relatively low for the former 
without a clear advantage over the administration of high doses of IL-2 alone 
(36), whereas TIL provided a 34% response rate but at the expense of costly 
and labor-intensive procedures (37). Note, however, that the majority of lym¬ 
phocytes transferred into patients in these early studies were not tumor specific 
and probably ineffective. 

It was therefore decided to use retroviral vectors to transduce TILs first with 
marker genes (e.g., that coding for neomycin resistance) to evaluate their 
in vivo long-term tissue distribution by polymerase chain reaction (PCR) analy¬ 
sis of tissue biopsies. The results of these studies indicate that TILs can survive 
up to 260 d in the circulation although no preferential tumor localization could 
be demonstrated (38). 

More recent approaches to adoptive immunotherapy involve genetic 
manipulation of lymphocytes to overcome previous drawbacks in their use. To 
bypass the need to generate and expand tumor-specific T-cells from each 
patient even in case T-cell-defined antigens are not known, a procedure that 
may be successful in <50% of individuals, one can use chimeric receptors con¬ 
taining the V regions of antibodies directed to tumor antigens, joined to the 
C regions of the T-cell receptor (TCR) (39). Such an approach allows retarget¬ 
ing of tumor cells expressing antigens frequently recognized by antibodies 
(e.g., gangliosides in melanoma) and was shown to be effective in animal mod¬ 
els of ovarian carcinoma (40). However, no clinical studies in melanoma 
patients have been initiated, and, therefore, the effectiveness of this approach 
remains to be determined. 

To overcome the difficulty of generating large numbers of tumor-specific 
T-cells from TILs, an alternative strategy is that of genetically modifying 
patients’ PBLs. This can be obtained by the transfer of genes coding for the 
TCR of melanoma-specific antigens that will confer the ability to recognize 
such antigens on the autologous tumor cells (41). 

Thanks to new information on the molecular nature of melanoma antigens 
recognized by T-cells and the availability of new technology, it is now possible 
to select and expand in vitro autologous T-cell populations enriched for their 
ability to recognize specific melanoma antigens (e.g., Melan-A/MART-1, 
gplOO) by using either anti-TCRV antibodies or tetramers (42,43). These popu¬ 
lations also can be modified further to express genes that may confer selective 
tissue-targeting properties (homing receptors) or additional killing activity 
(e.g., tumor necrosis factor-a). Again, these reagents are being prepared and 
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validated in several laboratories, but clinical trials have yet to be designed to 
test the antitumor activity of such genetically modified T-lymphocytes. 

3.2 Genetic Prodrug Activation Therapy 

3.2.1. Rationale 

One of the aims of the gene therapy approach is to create an artificial differ¬ 
ence between normal and tumor cells in terms of susceptibility or resistance to 
cytotoxic drugs in order to improve the selectivity of the therapeutic interven¬ 
tion. The possibility of modifying tumor cells in order to make them more 
sensitive to an otherwise nontoxic agent is known as suicide gene therapy or 
genetic prodrug activation therapy. This approach involves the insertion of a 
gene encoding an enzyme, usually viral or bacterial, that modifies a nontoxic 
compound, the prodrug, into an active metabolite interfering with DNA syn¬ 
thesis, or transforms the prodrug into a more powerful cytotoxic agent able to 
kill the genetically modified cells. 

The thymidine kinase encoded by the herpes simplex virus type 1 (HSV1 -TK) 
is the best known example of the former class of enzymes and the most com¬ 
monly used. It catalyzes the phosphorylation of nucleoside analogs that are 
poor substrates of the cellular endogenous thymidine kinase, including the 
guanosine analogs ganciclovir (GCV) and acyclovir (ACV). Once tripho- 
sphorylated by HSV1-TK, GCV or ACV become substrates of the DNA poly¬ 
merase and are incorporated into newly synthesized DNA, resulting in DNA 
chain termination and the death of proliferating cells. The cytosine deaminase 
encoded by bacteria and fungi is an example of the latter class of enzymes: it 
catalyzes the deamination of cytosine to uracil and is able to transform the 
nontoxic prodrug 5-fluorocytosine into the cytotoxic agent 5-fluorouracil. In 
addition to these systems, several other enzymatic activities have been 
described that can be used as suicide genes, such as the Escherichia coli 
xanthine guanine phosphoribosyl transferase or the nitroreductase, and many 
others are under development (44). 

3.2.2. Mechanisms of Antitumor Effects 

The positive outcome of the suicide gene therapy relies on successful in 
vivo targeting of tumor cells with the suicide gene, and the choice of vector for 
gene transfer is therefore crucial. However, experimental models demonstrated 
that at least two other components are involved in the destruction of tumor by 
the activated prodrug: the so-called bystander effect and the inflammatory/ 
immunologic response activated in situ by tumor cell destruction. 

The bystander effect refers to the observation that the activated prodrug has 
killed not only the transduced but also nontransduced tumor cells that are in 
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close contact. This phenomenon relies either on the passive diffusion of the 
activated metabolite from the genetically modified cells to neighboring coun¬ 
terparts, as occurs for 5-fluorouracil, or on an active process of transferring of 
the toxic drug through gap junctions, as is the case for GCV. Moreover, 
apoptotic vesicles released by dying transduced cells and phagocytosed by 
nearby cells have also been considered possible vehicles of activated metabo¬ 
lites (45). An immunologic component is also involved in the amplification of 
both the suicide and the bystander effect in vivo. Studies in experimental mod¬ 
els have shown active mononuclear cell infiltration of regressing tumors in 
immunocompetent hosts with release of cytokines in situ and generation of a 
protective immune response (46,47). 

Many characteristics of this gene therapy approach make it suitable for the 
treatment of melanoma patients. In fact, certain localizations of melanoma 
lesions (skin, subcutaneous tissue, lymph nodes) make them easily accessible 
to surgical maneuvers and favor their direct transduction via injection of gene 
therapy vectors. Otherwise, when melanoma lesions are difficult to reach, as in 
the case of visceral or cerebral metastasis, the possibility of using tumor- 
specific promoters, such as the tyrosinase or the tyrosinase-related protein-1 
promoter, may allow the selective expression of the suicide gene into mela¬ 
noma cells, preventing toxicity in nearby normal tissues (48,49). Moreover, 
the possibility of amplifying the therapeutic response through the bystander 
effect will permit significant killing of tumor cells also in the presence of low 
gene transduction efficiency (as low as 10%) (45). Finally, the activation of 
local inflammation with immune cell infiltration provides an opportunity to 
break local tolerance to melanoma antigens and activate a systemic immune 
response. Therefore, the murine melanoma model B16 has been widely used to 
test the efficacy and study the mechanisms underlying the suicide gene therapy 
in view of its use in clinical trials. 

Although nonviral vectors have been used to transduce suicide genes into 
B16 melanoma cells in vivo, such as cationic liposomes (49) and attenuated 
strains of Salmonella (50), viral vectors are still the most efficient system to 
transduce melanoma cells both in vitro and in vivo. In fact, adenoviral vectors 
can target both dividing and quiescent cells, resulting in efficient but transient 
gene expression. An improvement to the gene transduction was recently 
obtained with the use of replication competent adenoviral vectors also capable 
of exerting an oncolytic effect and spreading the suicide gene to many more 
replicating tumor cells, as demonstrated in a xenograft model of human mela¬ 
noma (51). Although potentially hazardous, the use of infective adenoviruses 
may offer a further advantage owing to their strong immunogenicity, a charac¬ 
teristic that also can be employed to potentiate antitumor immune response. 


Gene Therapy in Melanoma 


217 


Intratumoral injection of replication defective adenoviral vectors efficiently 
transduced HSV1-TK into sc B16 melanoma, resulting in a significant reduc¬ 
tion in tumor growth on ip treatment with GCV (51). The observation that 
transduced tumor growth was impaired also in the absence of GCV treatment 
in immunocompetent hosts but not in athymic mice suggested an immune 
response to viral antigens and prompted the investigators to design a combined 
immunotherapy protocol to amplify this response. The combination of in vivo 
tumor transduction with suicide gene and cytokines, such as IL-2 or granulo¬ 
cyte macrophage colony-stimulating factor (GM-CSF), via adenoviral vectors 
improved the therapeutic response to GCV and induced tumor cell-specific 
CTL activity (52). 

The mechanisms by which tumor cells are killed in vivo may be important 
in activating specific immune responses by providing an inflammatory stimu¬ 
lus that helps convert an otherwise tolerogenic presentation of tumor antigens 
into a stimulatory signal. The expression of suicide genes has been used to 
induce the death of tumor cells used as live vaccine, so that an immuno- 
stimulatory environment is created at the site where tumor antigens are released 
and presented. To this aim, polycistronic retroviral vectors have been used to 
transduce B16 melanoma cells with HSV1-TK and immunostimulatory 
cytokines, such as GM-CSF or IL-2. Vaccination with these melanoma cells 
followed by GCV treatment generated a long-term immune protection to chal¬ 
lenge with parental B16, especially when GM-CSF was associated to the 
HSV1-TK. On the other hand, in a therapeutic setting, the release of IL-2 before 
GCV killing of vaccine cells resulted in a significant slowing of contralateral 
B16 established tumors (53). In fact, further studies have demonstrated that the 
mechanisms of cell death can control the immunogenicity of tumor cells. 
Although an alternative pathway of cell death may depend on the cell line con¬ 
sidered, the treatment of B16 expressing HSV1-TK with GCV induces more 
tumor cell necrosis than apoptosis. This process is responsible for the induc¬ 
tion and release of heat-shock proteins whose uptake by APCs preludes the 
re-presentation of tumor antigens and immunization against them (35). 

3.2.3. Clinical Studies 

A phase I/II clinical trial has been performed to establish the tolerance of 
intratumoral injection of retroviral packaging cells in order to transduce HSV1-TK 
into melanoma lesions and evaluate the effect of the subsequent administration 
of GCV (28) ( see Table 3). The treatment was well tolerated and unwanted 
retroviral dissemination was not found. Histologic modification of the treated 
tumors that included necrosis but not lymphocytic infiltration was evident in 
two of eight patients; signs of distant bystander effect were detected in one 
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patient. Although reductions in tumor volume on GCV treatment were 
recorded, the efficacy was limited. This was probably owing to inefficient gene 
transduction (<1% of tumor cells), as demonstrated by the poor detection of 
the HSV1-TK gene in tumor biopsies by PCR, a result expected in view of the 
xenogeneic nature of the packaging cells injected. However, the histologic 
signs of response to GCV, the safety of the treatment, and the absence of toxic 
side effects warrant further development of this gene therapy approach that 
will take advantage of new gene transfer vectors available and combination 
with other immunotherapy approaches. 

4. Conclusion 

Several strategies are being applied in the gene therapy of human melanoma 
but none of them appears successful at present. However, the wealth of infor¬ 
mation that has been collected through both preclinical investigations and 
appropriate clinical trials will certainly be used to improve our understanding 
of the mechanism of the diverse approaches of gene therapy in patients bearing 
metastatic melanoma. Although, as in other types of cancer, in vivo delivery 
and targeting remain the major unresolved issues of gene therapy, the immuno¬ 
logic approach should be able to improve its efficacy both in the vaccination 
and in the adoptive immunotherapy with gene-modified lymphocytes. We do 
believe, therefore, that gene therapy of melanoma deserves to be studied fur¬ 
ther through a synergistic effort that should include investigators from differ¬ 
ent disciplines to improve its clinical impact for a disease that remains without 
effective cures when recurring in distant organs. 
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1. Introduction 

A major thrust in the application of gene transfer technology for cancer 
therapy has been the modulation of the immune response. There has been a 
veritable explosion of information regarding the components of the immune 
response that are required to generate a meaningful cellular response to tumor- 
associated antigens (TAAs) capable of eliciting rejection of established tumor. 
Many of the preclinical and clinical immunogenetic studies have focused on 
melanoma. Historically, melanoma has been an immunoresponsive tumor for 
which several melanoma TAAs have been identified. 

1.1. Immunogenetic Strategies 

A variety of different immunogenetic strategies have been explored in pre¬ 
clinical animal models and, in some instances, in phase I clinical trials. The 
schematic diagram depicted in Fig. 1 gives an overview of these approaches. 
Several different target cells have been used to transfect genes encoding 
immunoregulatory or immunostimulatory molecules and proteins. These tar¬ 
get cells include tumor cells, fibroblasts, antigen-presenting cells (APCs) such 
as dendritic cells (DCs), and lymphoid cells or their progenitor lineage of stem 
cells. The immunostimulatory molecules include cytokines, costimulatory 
molecules, major histocompatibility complex (MHC) molecules, adhesion 
molecules, TAAs, and components of T-cell receptors. The underlying goal of 
these strategies is to develop more effective T-cell responses to tumor antigen. 
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Lymphoid Cell / Tumor Cell 



Fig. 1. Schematic diagram of various gene transfer approaches for modulating the 
immune response to tumors. 

One such approach would be to genetically modify lymphoid cells or stem 
cells ex vivo for subsequent adoptive transfer in vivo. This subject is reviewed 
in detail elsewhere (1). Briefly, investigators have examined ways to augment 
tumor-reactive T-cells to kill tumor cells more efficiently, prolong the in vitro 
or in vivo life span of such cells, or improve their ability to localize preferen¬ 
tially to sites of tumor on adoptive transfer. The use of stem cells genetically 
altered to express T-cell receptor genes targeted to specific TAAs has the 
potential to provide patients with a self-replicating source of memory T-cells. 

In contrast to these approaches, the vast majority of immunogenetic thera¬ 
peutic strategies employ the “vaccine” approach. Vaccination in this context 
spans a broad definition. Basically, it involves introducing an immunologic 
reagent into the host that incorporates the presence of TAAs to induce an active 
immunologic response against epitopes of the TAAs. As opposed to the adop¬ 
tive transfer of an immunologically competent tumor-reactive lymphoid cell, 
which is known as passive immunotherapy, the use of a vaccine requires an 
intact host immune system to respond to the vaccine and is known as active 
immunotherapy. Different forms of genetically engineered tumor vaccines are 
reviewed in the next section. 
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One of the reasons that gene-based vaccines are of interest is the assumption that 
the host immune system to amplify the biologic effect of the transgenic protein 
that is expressed by the vaccine. Hence, the efficiency and level of expression 
of the therapeutic gene is not as restrictive as gene therapies that are designed 
to replace defective oncogenes/tumor suppressor genes, incorporate “suicide” 
genes, or target cellular signaling pathways. The end point of any tumor vac¬ 
cine strategy is to induce a host immune response to TAAs that will result in 
the regression of established tumor, or prevent the growth of micrometastatic 
disease in the adjuvant setting. To date, tumor vaccines have been tested only 
in patients with diagnosed tumors, either after resection of a primary tumor or 
in the advanced disease setting. In these clinical studies, tumor response and 
time to progression are evaluated as potential end points. In addition, immuno¬ 
logic end points can be measured to monitor the biologic effects of the therapy. 
Several different immunologic tools are reviewed in this book that are helpful 
in monitoring the effects of vaccine therapies. Tumor-induced immunosup¬ 
pression is a potential barrier in the induction of immune responses to vaccine 
therapies. In the future, preventive vaccines may be devised to immunize 
noncancer-bearing individuals identified to have a high risk of developing cer¬ 
tain malignancies based on the presence of cancer susceptibility genes. 

1.2.1. Noncellular DNA Vaccines 

DNA encoding TAAs has been investigated as a method to stimulate an 
immune response by in vivo gene transfer methods. Examples of human TAAs 
evaluated in this context include CEA-derived antigens for colorectal cancer, 
prostate-associated antigen (i.e., prostate-specific antigen [PSA], prostate 
membrane surface antigen for prostate cancer, and papilloma virus-associated 
antigens (i.e., E6, E7) for cervical cancer. The form of gene delivery has varied 
according to the preference of the investigator. Viral vectors utilizing the vac¬ 
cinia virus or other pox viruses have been used for immunization to CEA and 
PSA epitopes in clinical trials (2,3). Intradermal inoculation of viral vectors 
can potentially transfect an array of dermal cells along with inflammatory cells 
attracted by the viral vector. Gene gun utilization has been performed in pre- 
clinical animal models for E6 antigen and is discussed further in Subheading 
3.4. Skin bombardment of DNA by gene gun delivery presumably transfects 
keratinocytes and dermal constituents such as Langerhans cells. Naked DNA, 
when injected into myoblasts, can efficiently express the transgenic protein (4). 
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An indirect method of vaccinating the tumor-bearing host has been the in 
vivo transfection of a tumor with a foreign MHC gene. In syngeneic animal 
models, Plautz et al. (5) reported the regression of established sc tumors by the 
intratumoral inoculation of an allogeneic MHC class I gene using DNA 
complexed with liposomes. They found that the tumor expressed the alloanti- 
gen and induced a cellular response not only to the alloantigen but also to 
parental tumor antigens. Presumably, the allogeneic response engendered a 
local tumor milieu conducive to the upregulation of tumor antigen sensitiza¬ 
tion. These observations led to clinical studies to evaluate the toxicity, immu¬ 
nologic responses, and antitumor responses of intratumoral inoculation of 
melanoma nodules with an allogeneic MHC class I gene complexed with lipo¬ 
somes (6). Transgene expression by tumor cells was observed in the majority 
of patients treated. This was associated with an influx of tumor-infiltrating 
lymphocytes. In a small subgroup of patients, tumor regression of the injected 
nodules was observed. 

1.2.2. Genetically Modified Tumor Cell Vaccines 

The use of tumor cells (either whole or lysates) plus the admixture of an 
immune adjuvant has been the traditional approach to generate cellular 
responses to TAAs. The tumor cells (either autologous or allogeneic) provide 
the source of antigens and the adjuvant elicits a local microenvironment con¬ 
ducive to antigen processing and presentation to host lymphoid cells. The avail¬ 
ability of molecular tools to introduce genes into cells has provided alternate 
means of providing the adjuvant. There have been numerous reports involving 
animal models in which tumor cells are genetically altered with immuno- 
stimulatory genes ex vivo and then reintroduced to normal, syngeneic hosts in 
which the transduced tumor cells fail to grow. On subsequent challenge with 
parental tumor cells, these animals are found to be immune and reject the chal¬ 
lenge inoculum. 

The list of immunostimulatory genes is extensive, with cytokines being the 
more common adjuvants examined. Several review articles summarize this 
topic (7,8). In comparative studies of genetically modified tumor cell vaccines, 
granulocyte macrophage colony-stimulating factor (GM-CSF) appears to be 
one of the more potent cytokines in promoting T-cell responses to tumor anti¬ 
gen (9,10). The utility of GM-CSF as an adjuvant is postulated to be owing to 
its role in causing an infiltration of DCs into the site of vaccination, thereby 
promoting antigen processing and presentation. Other cytokines appear to have 
different mechanisms of action. Restifo et al. (11) reported that tumor cells 
transduced to secrete interferon-y result in enhanced MHC expression as well 
as increased ability of the tumor cell to present antigen to lymphoid cells, mak¬ 
ing these genetically altered tumor cells “nonprofessional” APCs. Besides 
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cytokines, numerous immunomodulatory genes have been introduced into 
tumor cells to enhance immunogenicity. These include costimulatory mol¬ 
ecules (i.e., B7.1), MHC molecules, adhesion molecules, and foreign proteins. 
Many of these models have helped increase our understanding regarding the 
mechanisms involved in the induction of antitumor immunity. 

1.2.3. Genetically Altered Fibroblasts as Vaccines 

A major impediment in generating tumor cells transduced with 
immunostimulatory genes for clinical therapy is the difficulty in establishing 
stable cultures from human tumors. Human melanoma tumor cultures are rela¬ 
tively easy to establish compared with, e.g., breast and colorectal cancer 
tumors. An alternative for clinical application is to establish fibroblast cultures 
from individual patients using skin biopsies. Fibroblasts are readily able to 
grow in culture and can be transfected with immunostimulatory genes. In ani¬ 
mal studies, fibroblasts transduced to secrete interleukin-12 (IL-12) have been 
inoculated at sites of established tumor with resultant tumor regression (12). 
More commonly, genetically altered fibroblasts that secrete cytokines have 
been admixed with tumor cells and utilized as effective vaccines (13,14). Sys¬ 
temic immunity against a challenge of parental tumor cells can be established 
in this manner. Allogeneic fibroblasts have been used in a similar manner with 
effective adjuvant effect. We have noted that syngeneic transduced fibroblasts 
appear to be superior to allogeneic fibroblasts in the paracrine delivery of adju¬ 
vant cytokines (15). 

1.2.4. Genetically Altered DCs as Vaccines 

DCs are considered to be the most potent APCs in the immune response. 
These cells process antigens and present them to lymphoid cells in association 
with MHC molecules. DCs play a central role in the induction of antigen- 
specific B- and T-cells. Several animal studies have demonstrated that the in 
vitro “pulsing” of DCs with tumor antigen in the form of whole tumor cells, 
tumor lysates, or tumor peptides generates DCs capable of priming naive 
T-cells (16-18). The id or iv inoculation of DCs has been reported to result in 
the regression of established murine tumors (19). In clinical studies, investiga¬ 
tors have reported that the iv or intranodal inoculation of antigen-pulsed DCs 
has resulted in regressions of metastatic tumors in patients (20,21). 

Methods to enhance the therapeutic efficacy of DCs include gene modifica¬ 
tion. Liposomal transfection, retroviral gene transfer, and the gene gun have 
been used to modify DCs successfully. Genes encoding tumor antigens have 
been transferred successfully into DCs to enhance their ability to sensitize lym¬ 
phoid cells (22-25). Reeves et al. (25) retrovirally transduced human DC with 
the melanoma TAA, MART-1. These DCs were able to elicit antigen-specific 
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cytotoxic T-lymphocytes (CTLs) and stimulate greater levels of cytokine 
release by MART-1-specific TIL. In an in vivo murine model, Ribas et al. (26) 
demonstrated the superior induction of immunity with MART-1-transduced 
murine DCs compared with that of tumor cells expressing MART-1 as a vaccine. 

1.3. Gene Gun Technology 

The gene gun offers a useful method to introduce DNA or RNA into cells 
without the need of viral vectors. In 1987, Klein et al. (27) were the first to 
report using a “particle gun” to accelerate RNA or DNA attached to tungsten 
microprojectiles into intact epidermal cells of an onion. The microprojectiles 
were 4 pm and could be applied to a 1 -cm 2 area where about 90% of the cells 
were found to contain the particles. Expression of the RNA or DNA was 
observed, and this method was proposed as an easy and rapid way of introduc¬ 
ing nucleic acids into plant cells. In 1992, the first application of the gene gun 
to immunize animals to foreign protein was reported by Tang et al (28). In this 
study, mice were bombarded in the skin with gold microprojectiles coated with 
plasmids encoding human growth hormone or human a 1-antitrypsin. Antibod¬ 
ies to both foreign proteins could be detected, which was boosted by a subse¬ 
quent treatment with the gene gun. Furthermore, direct injection of the plasmid 
into the skin was not effective in eliciting an antibody response. Tang et al. 
(28) proposed that this technique may provide a tool for manipulating the 
immune response. 

The technology of “biolistics” has improved over time and its application in 
a wide range of biologic systems has been reported (29). It is not only appli¬ 
cable to transfecting skin in vivo but also visceral organs such as the pancreas 
and liver. Microscopic gold particles ranging from approx < 1 to 3 pm are typi¬ 
cally utilized as microprojectiles. Using submicrogram quantities of DNA, 
thousands to tens of thousands of DNA copies can be delivered into cells in 
vivo. Single or multiple gene constructs can be delivered simultaneously in 
appropriate molar ratios. It takes only 5 s to complete a single transfection. 
Sequential application to the same targeted tissue in vivo can be employed to 
give multiple doses of genetic material. In addition to in vivo applications, the 
gene gun technology is useful to transfection of tissue explants, cell clumps, 
organoids, or other cultured cells such as tumor cells. Cells do not need to be 
actively proliferating for particle-mediated gene gun delivery. Cells of the myeloid 
lineage (i.e., T-cells, stem cells, macrophages), which are notoriously difficult 
to transfect by viral vectors, can be transfected with the gene gun for transient 
gene expression (30-32). Gene expression lasts for a relatively short period rang¬ 
ing from 7 to 10 d. For immunologic modulation, this often is all that is required. 

The mechanisms involved in the induction of both humoral and cellular 
T-cell responses by genetic immunization of the skin with the gene gun has 
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been examined experimentally. When DNA vaccines are administered by gene 
gun bombardment of the skin, the majority of the plasmid is taken up by 
keratinocytes as well as APCs. The relative contribution of these two cell popu¬ 
lations in the development of primary and memory immunity has been exam¬ 
ined. Among the APCs in the epidermis, there are resident Langerhans cells as 
well as migratory cells from the bone marrow. From several studies, it appears 
that DCs (both Langerhans cells and bone marrow-derived DCs) that are trans¬ 
fected at the site of gene gun administration play a key role in the induction of 
immunity. These transfected cells rapidly migrate to the draining lymph nodes 
where cross-presentation of antigen to CD8 + T-cells occurs (33). These migra¬ 
tory transfected DCs alone are responsible for immunologic memory (34). The 
role of the nonmigratory transfected keratinocytes that express antigen is mini¬ 
mal, as demonstrated by grafting of skin vaccine sites to naive recipients ( 24 h 
after gene gun treatment when migratory cells have left the skin site (35). 

2. Materials 

1. Ultrapure nitrogen gas. 

2. Helium gas (bone dry). 

3. 0.05 M Spermidine (Sigma, St. Louis, MO). 

4. 1 M CaCl 2 (Sigma). 

5. Absolute ethanol (anhydrous). 

6. Isopropanol (anhydrous) (Sigma). 

7. Polyvinylpyrrolidone (PVP) (Sigma). 

8. Tefzel tubing (id, 0.93 in.; od, 1/8 in.) (McMaster-Carr, Elmhurst, IL). 

9. Gold particles (1-3 pm) (Bio-Rad, Hercules, CA, or Aldrich, Milwaukee, WI). 

10. Microcentrifuge tubes (1.5 mL), 5- to 10-mL capped tubes, and 10-cc syringe. 

11. Culture media appropriate to the cells being transfected. 

12. Sterile 50-mL conical tubes. 

13. Sterile 35-mm tissue culture dishes. 

14. Sterile pipets (5 mL); 20-, 200-, and 1000-pL pipettors with sterilized tips. 

15. Large orifice universal pipet tips (200 pL). 

16. Gene gun. 

17. Tubing prep station (tube turner) and tubing cutter (Bio-Rad). 

18. Vortex mixer. 

19. Ultrasonic water bath. 

20. Analytical balance. 

21. Microcentrifuge. 

3. Methods 

3.1. Preparation of Gene Gun Cartridges 

In this method, plasmid DNA is attached to gold particles and coated onto 
the inner wall of Tefzel tubing. The following steps describe a generalized 
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method that will work for most protocols, blit it is recommended that the trans¬ 
fection efficiency be optimized, varying sizes of gold particles, loading rates, 
and DNA/gold particle ratios (see Note 1). 

1. Before starting, insert a length of Tefzel tubing into the tube turner apparatus. 
The tubing should be approx 3 in. longer than the tube turner. Purge the tubing 
for 1 h with 1.0 liter per minute (LPM) of nitrogen. 

2. Weigh out 25 mg of gold (1- to 3-pm particle size) into a 1.5-mL microfuge tube, 
add 100 pL of 0.05 M spermidine, and sonicate briefly (5-10 s) in a ultrasonic 
water bath. After sonication, add 75 pg of DNA (3 pg of DNA/mg of gold) and 
vortex briefly. The spermidine/DNA mix should be no greater than 200 pL; if 
necessary, concentrate the DNA prior to making the prep. 

3. Dropwise add 100 pL of 1 M CaCl 2 to the DNA/spermidine while vortexing, and 
allow the mixture to precipitate for 10 min. Flick the tube to get any residual gold 
particles off the sides and allow to precipitate an additional 10 min. 

4. Centrifuge briefly and remove the clear liquid supernatant. Wash the DNA/gold 
pellet twice with 1 mL of absolute ethanol (anhydrous), and then wash once with 
1 mL of isopropanol (anhydrous). With each wash vortex the mixture and centri¬ 
fuge briefly to pellet the DNA/gold. 

5. After washing, bring up the DNA/gold in 3.5 mL of isopropanol and place in a 
5- to 10-mL capped tube. For in vivo transfections, the isopropanol should con¬ 
tain 0.1 mg/mL of PVP. 

6. Briefly (5-10 s) sonicate the gold/DNA isopropanol slurry and mix well by shak¬ 
ing. Attach a 10-mL syringe to the purged length of tefzel tubing, and draw up 
the mixture into the tubing. Place in the tube turner and let settle for 5 min. 

7. Remove the isopropanol by drawing very slowly with the syringe. Switch on the 
tube turning apparatus to 10 rpm and immediately turn on nitrogen gas to 1.5 LPM. 
Purge with nitrogen for 8 min while turning. 

8. Using a razor or a Bio-Rad tubing cutter, slice the tubing into 0.5-in. cartridges. Store 
the cartridge tubes in an airtight vial at -20C°C, preferably desiccated. There are 
commercially available desiccant pellets that can be placed in the vials (United Des¬ 
iccants, Belen, NM). Alternatively, purge the vial with nitrogen gas before sealing. 

3.2. In Vitro and Ex Vivo Transfection of Cultured Cells 

Proper assembly of the gene gun to the helium and electrical service may 
vary; therefore, refer to the manual supplied by the manufacturer. To optimize 
the helium pressures used to transfect the cells, transfect different samples in a 
stepwise fashion starting at 100 psi and increasing in increments of 50-400 psi. 
Generally, 200-300 psi is best for cell transfections. Green fluorescent protein, 
luciferase, or (3-galactosidase plasmids are excellent reporter genes for opti¬ 
mizing the specific transfection protocol. In addition, it is important to try dif¬ 
ferent particle loading rates (between 0.25 and 0.5 mg of gold/cartridge) and 
DNA to gold ratios (between 0.5 and 5 pg of DNA/mg of gold). 
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1. Make a suspension of the cells to be transfected of between 50 and 250 million 
cells per milliliter of culture media and store on ice. The actual number of cells 
transfected at these concentrations is between 1 x 10 6 and 5 x 10 6 cells in a 20-uL vol. 

2. For ex vivo vaccine, irradiate the cells before transfection (3500-10,000 rad), 
depending on cell types and applications. 

3. Transfections should be performed in a sterile tissue culture hood. It is helpful to 
clamp the gene gun to a large ring stand with the barrel pointing down. Using a 
large orifice pipet tip, plate a 20-pL vol of cell suspension in a 1.5-cm circle on 
the center of a 35-mm culture dish. It is useful to draw a 1.5-cm circle with a 
marker on the hood surface as a guide (a dime is about the right size). Hold the 
35-mm culture dish firmly against the gene gun barrel with the cells centered and 
press the discharge button (200-300 psi). 

4. For ex vivo vaccination, add 1 mL of media with a 5-mL pipet, gently suspend 
the cells in the media by tapping the dish, and collect the cell suspension into a 
50-mL sterile conical tube. Wash the plate with a second 1-mL vol of culture 
media and collect in the 50-mL tube. Before vaccine injection, wash the cells 
twice with sterile phosphate-buffered saline. 

3.3. In Vivo Transfection 

Optimize the helium pressures used to transfect tissues. Transfect different 
samples in a stepwise fashion starting at 200 psi and increasing in increments 
of 50-500 psi. Generally, between 300 and 500 psi is the best range for in vivo 
transfections. Like ex vivo transfection, plasmids encoding green fluorescent 
protein, luciferase, or (3-galactosidase are excellent for optimizing transfection 
efficiencies. Different particle loading rates and DNA to gold ratios described 
for ex vivo transfection should also be used to optimize in vivo transfection 
efficiency. 

1. For skin transfections, remove hair from the area of transfection with electric 
clippers. DNA penetration of living tissues via gene gun is limited to the first 
10 cell layers depending on the tissue being transfected and helium pressure. 

2. Hold the tip of the gene gun firmly against the skin and discharge the gun 
(300-500 psi). Wearing ear and eye protection is recommended when higher pres¬ 
sures are used. (The gene gun is adaptable for transfection of internal organs or 
tissues.) 

3.4. Examples 

3.4.1. Example of In Vivo Cytokine Gene Treatment 
of Established sc Tumor with Gene Gun Technology (from ref. 36) 

GM-CSF plasmid was bombarded onto skin overlying implanted sc tumor 
nodules in mice. Prior to performing these experiments, the conditions of 
DNA delivery to normal skin were optimized. Gold particles of 0.6-, 1.0-, and 
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1.6-pm particles were superior. In subsequent studies, the amount of DNA 
(1.0-2.0 ug/mL) and pressure (200-500 psi) used to project the DNA/gold 
particles was evaluated (Table 1). Transgeneic GM-CSF protein was measured 
24 h after particle bombardment by enzyme-linked immunosorbent assay 
(ELISA) with proteins extracted from minced specimens. As shown in Table 1, 
optimal skin transfection was observed with 1.6-pm particles, coated with 
2.0 ug/mL of DNA, and projected at 300 psi. This demonstrates that optimiz¬ 
ing the conditions of transfection for each experimental model is necessary to 
achieve maximal gene expression. 

Subsequent in vivo transfection of growing sc tumors revealed diminished 
growth compared with controls, but no complete regressions of tumor. Trans¬ 
fection appeared to be confined to the skin overlying the tumor. Significant 
induction of tumor-reactive T-cells in the tumor-draining lymph nodes was 
observed, and the GM-CSF was found to enhance this sensitization. 

3.4.2. Example of In Vivo TAA Gene Transfection of Skin Combined 
with Cytokine Gene for Tumor Immunization (from ref. 37) 

As reviewed in Subheading 1., genetic immunization with genes encoding 
TAAs is being examined for potential clinical applications. In animal models, 
the gene gun has been used to induce immunity to human TAAs. In this 
example, the E6 oncoprotein of human papillomavirus was used as a TAA for 
genetic immunization. Papillomaviruses are involved in the cellular transfor¬ 
mation leading to the growth of certain cervical cancers. In addition, the 
cytokine gene for murine IL-12 was utilized in cotransfection studies. IL-12 
has been reported to be a potent immune adjuvant in the setting of antitumor 
vaccines. 

A plasmid encoding for E6 and human factor IX (hFIX) was constructed 
and called pvRE6hFIX (37). hFIX was included as a marker protein that could 
be assayed by ELISA. Vaccination using the gene gun with pvRE6hFIX with 
or without mIL-12 gene was performed twice to the abdominal skin of mice 
spaced 1 or 2 wk apart. Approximately 1 wk after the last vaccination, spleno- 
cytes were harvested for assessment of functional antitumor reactivity, and 
mice were challenged with syngeneic Renca tumor transfected to express 
E6-E7 protein. As shown in Fig. 2, vaccination with E6hFIX plasmid resulted 
in CTLs in the spleen that were specific for E6-E7-expressing tumor cells 
(Fig. 2A,B). Cotransfection with mIL-12 gene enhanced the CTL generation 
(Fig. 2C). Figure 3 shows challenge with E6-E7-expressing tumor cells (Fig. 3A) 
and parental tumor cells (Fig. 3B). Vaccination with E6hFIX or IL-12 resulted 
in protection of a small percentage of animals that were free of tumor. By 
contrast, cotransfection with E6hFIX and IL-12 genes resulted in significant 
antitumor immunity that appeared synergistic. The antitumor response was 
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Table 1 

GM-CSF Transgenic Protein Expression 
by Skin After Gene Gun Application 


Gold particle DNA 
size (p) (pg/mL) 

GM-CSF expression with varying psi" 

200 

300 

400 

500 

1.0 

1.0 

3.3 (2.4) 

41.3 (5.8) 

20.3 (9.6) 

13.8 (3.1) 


2.0 

10.3 (9.5) 

31.0 (2.4) 

17.2(0.5) 

20.3 (3.2) 


3.0 

1.5 (0.3) 

14.8 (7.5) 

15.2(0.4) 

13.4 (3.3) 

1.6 

1.0 

8.5 (0) 

28.3 (3.5) 

53.7 (20.4) 

63.6(0.1) 


2.0 

10.1 (3.1) 

74.7 18.81 

29.9 (3.4) 

28.6 (6.4) 


3.0 

7.0 (0.4) 

29.0(10.0) 

17.8 (3.8) 

42.7 (20.0) 


“Skin was excised 24 h after gene gun application and GM-CSF production assayed as 
described in Subheading 3. Values represent mean nanograms/milliliter (SD) from triplicate 
skin samples, psi, pounds per square inch of gold particle pressure. The maximal GM-CSF 
expression is underlined. 


owing to induction of E6 immunity because parental tumor challenge resulted 
in tumor growth in the majority of animals receiving the genetic immunizations. 

These studies illustrate the relative ease of performing in vivo transfections 
of two genes at the same time. They also demonstrate how two different immu- 
nostimulatory genes (i.e., TAA and cytokine) can interact to enhance anti¬ 
tumor immunity. 

3.4.3. Example of In Vitro Cytokine Gene Transfection of Tumor Cells 
Utilizing the Gene Gun 

As reviewed in Subheading 1., another approach to developing vaccines 
for cancer therapy is to genetically modify tumor cells ex vivo with immu- 
nostimulatory genes. These cells can then be used as vaccines to induce host 
immunity. We present here an example of genetically modifying tumor cells to 
secrete GM-CSF with the use of the gene gun. The D5 murine melanoma is an 
established tumor cell line that has been characterized by our laboratory as 
poorly immunogenic (10). Utilizing the methods described herein, the D5 cells 
were transfected at different conditions with a plasmid encoding for murine 
GM-CSF (36). After transfection, the cells were plated into 2-mF wells and 
culture supernatants harvested 24 h later for GM-CSF quantification. As shown 
in Fig. 4, the conditions of transfection dramatically influenced the expression 
of transgenic protein. Optimal conditions were obtained with I -iim particles at 
a DNA loading rate of 2 pg of DNA/mg of gold. Bombardment of particles at 
200 psi was better than at 100 psi. The level of gene expression was excellent 







234 


Chang et al. 





B 




Effector : Target 


Fig. 2. Vaccination with pVRE6hFIX DNA results in E6-specific CTLs, and the E6 
CTL is potentiated by cotransfection with the IL-12 cDNA vector. Splenocytes were 
prepared from mice after two immunizations. 51 Cr release assays were performed after 
in vitro restimulation with irradiated E6-E7 Renca cells for 5 d. The target cells used 
for the assays were E6-E7 Renca (A,C) and Renca (B,D). 


under these conditions with GM-CSF production in the range of 60,000 pg/ 
(mL-24 h). The duration of transgenic GM-CSF was documented to be present 
for at least 4 d after the transfected cells were irradiated (Fig. 5). 

4. Notes 

1. The presence of moisture is a major problem when producing gene gun cartridges. 
It is extremely important when making gene gun cartridges that both the ethanol 
and isopropanol be anhydrous. Another source of moisture is the nitrogen gas 
used to dry the tubes. Always use ultrapure (bone-dry) nitrogen gas. If the tubing 
is not coated uniformly, the presence of moisture is the most likely cause. It is not 
unusual to get imperfectly coated tubing. Whereas clumping or uncoated sections 
of tubing is unacceptable, some streaking and banding usually cause little harm. 
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A 



B 



Days post tumor challenge 

Fig. 3. Skin transfection with an E6 expression vector elicits an E6-specific antitu¬ 
mor immune response that is greatly enhanced by cotransfection of the IL-12 cDNA 
vector. A total of 2 x 10 5 of either (A) E6-E7 Renca cells or (B) parental Renca cells 
(E6-negative) were inoculated subcutaneously. Data are expressed as the percentage 
of tumor-free animals. 
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■ 200 PSI 



Conditions 


Fig. 4. In vitro gene transfection of D5 melanoma cells with GM-CSF cDNA. Trans¬ 
fection conditions, which were varied, included bombardment pressure (psi), particle 
size (0.6 vs 1.0 pm), and DNA loading rate (pg DNA/mg gold). 


2. Smaller sizes of gold particles give more uniform tubing but less penetration of 
DNA/gold into cells and tissues. 

3. Irradiation (5000 rad) of the Tefzel tube prior to coating with gold/DNA can 
produce markedly better cartridges. Irradiation applies a charge to the inner wall 
of the tube and results in more even coating. 

4. Most of the materials needed to make gene gun cartridges can be obtained from 
Bio-Rad, including an optimization kit. 
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Fig. 5. Sustained transgenic GM-CSF protein production by in vitro transfected D5 
melanoma cells. After transfection, D5 cells were irradiated with 45,000 cGy (rad) 
and cultured in 2-mL wells. Culture supernatants were replaced daily and assayed for 
GM-CSF. The slowly rising levels of protein production are owing to persistent prolif¬ 
eration of the irradiated tumor cells. 
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Role of Cytokines in Pathology of Melanoma and 
Use of Biologic Response Modifiers in Melanoma 

Joseph i. Clark 


1. Introduction 

Growth of normal cells is regulated by polypeptides that act via specific 
cellular receptors. Otherwise known as cytokines, these substances include the 
growth factors that modulate the proliferation of nonimmune cells. Lymphok- 
ines or cytokines, on the other hand, are involved in the regulation of immune 
cells. Advances in the last 15 yr have shown that alterations in cytokines and 
their receptors may play a central role in the uncontrolled proliferation of 
tumor cells in vitro, and such cytokine aberrations are possibly responsible for 
regulation of tumor growth in vivo. 

A useful approach for studying the predominant in vivo effects of cytokines 
on melanoma cells is to analyze the growth properties and immune response to 
transplanted tumor cells overexpressing a cytokine gene or via exogenous 
addition of these cytokines to cell culture. In this setting, cytokines such as 
melanoma growth-stimulatory activity (MGSA) and interleukin-8 (IL-8), and 
growth factors including basic fibroblast growth factor (bFGF), epidermal growth 
factor (EGF)/transforming growth factor-a (TGF-a), TGF-(3, nerve growth factor 
(NGF), hepatocyte growth factor (HGF), and insulin-like growth factor-1 (IGF-1) 
are known to stimulate growth and proliferation of melanoma cells. IL-10 is 
known to dampen the immune response. IL-10 mRNA is overexpressed by 
melanoma cell lines in vitro, which may in turn allow for the tumorigenicity of 
melanoma in vivo. The growth factor granulocyte macrophage colony-stimu¬ 
lating factor (GM-CSF) and a multitude of cytokines including interferon- 
(IFN-a), IFN-p, and IFN-y; IL-la, IL-lp, IL-2, IL-6, IL-12, and IL-15; and 
tumor necrosis factor-a (TNF-a) induce an inhibitory effect on growth and 
progression of cutaneous melanoma. 
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The clinical utility of various cytokines in the IL and IFN families (IL-2, 
INF-a) and growth factors such as GM-CSF has been investigated in the treat¬ 
ment of malignant melanoma and proven efficacious in limited instances. 
Ongoing and future investigations will undoubtedly expand on this small but 
solid base. 

2. Stimulatory Cytokines and Growth Factors 

2.1. Cytokine Modes of Action 

Many cytokines have been found to act in a proliferative manner on mela¬ 
noma tumors. These substances are produced either by the tumor cells them¬ 
selves or by infiltrating host cells. The various modes of cell regulation induced 
by cytokines and/or growth factors include endocrine cell regulation, in which 
cytokines are brought through blood vessels into the circulation and act at a 
distant site. In the case of paracrine growth regulation, the action of the cytokine 
is local, whereby the producer cell affects neighboring cells by secreting the 
particular protein, which binds to specific receptors. Tumor cells mainly uti¬ 
lize the autocrine mechanism of growth; that is, they have the ability to pro¬ 
duce cytokines with growth-stimulatory properties while expressing specific 
receptors for these same cytokines. In this manner, tumor cells induce an 
autostimulatory feedback mechanism designated as autocrine growth. Two 
other cytokine-mediated autostimulatory pathways have been described: the 
intracrine pathway describes when the cytokine interacts intracellularly with 
the receptor; The juxtacrine pathway delineates when the cytokine does not 
leave the producing cell, but may interact with the receptor on the cell membrane. 

2.2. Cytokines and Malignant Potential of Melanoma 

The effects of growth factors and cytokines on tumor growth in vivo are 
extremely complex. Cell culture systems have been developed to understand 
better the regulation of tumor cells by these various substances. Questions to 
be considered include: By what mechanisms are melanoma cells able to escape 
from growth control? and Do melanoma cells have an altered production and/ 
or response to growth-regulatory cytokines or growth factors? 

In vitro experiments reveal that production of autocrine growth factors is 
involved in the abnormal growth regulation of melanoma cells. Metastatic 
melanoma cells do not require mitogens for growth in culture because condi¬ 
tioned medium from melanoma cells possesses mitogenic properties ( 1 ). The 
stimulatory effect of conditioned medium is probably mediated through sev¬ 
eral substances, because melanoma cells constitutively express multiple growth 
factors ( 2 ). Several of these growth factors and cytokines have been deter¬ 
mined to be associated with the growth of melanoma. Table 1 summarizes the 
most important of these factors. 
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Table 1 

Stimulatory Cytokines and Growth Factors 3 


Factor 

Reference 

Effect 

MGSA 

3-8 

Autocrine growth factor; produced by 
nevus cells and melanoma cells; 
stimulates proliferation of melanoma 
cells and melanocytes 

IL-8 

9-13 

Essential autocrine growth factor for 
melanoma cells; integral in melanoma 
progression and metastatic spread 

bFGF 

17,19-22,24 

Autocrine growth factor; produced by 
melanoma cells but not melanocytes 

EGF/TGF-a 

5,24,26-28 

Important in growth regulation of 
melanoma cells 

TGF-(3 

24,27 

Varies in effect from none to cell 
proliferation 

NGF 

24,31,32,35 

Increases melanoma cell survival; may 
increase melanoma cell numbers 

in vitro 

HGF 

36,37 

Mitogenic for melanocytes; stimulates 
metastatic melanoma cell lines; may 
have role in melanoma proliferation 

IGF-1 

28 

Stimulates proliferation of melanoma cells 
in vitro. 


"MGSA, melanoma growth stimulatory activity; IL, interleukin; bFGF, basic fibroblast 
growth factor; EGF, epidermal growth factor; TGF, transforming growth factor; NGF, nerve 
growth factor; FiGF, hepatocyte growth factor; IGF, insulin-like growth factor. 


2.2.1. Melanoma Growth-Stimulatory Activity 

MGSA has been shown to have 50% homology with IL-8 and is regarded as 
an autocrine growth factor for melanoma cells (3). Melanoma cells express 
transcripts for MGSA (4,5)', it is produced by both nevus cells and melanoma 
cells and stimulates the proliferation of melanoma cells as well as melanocytes 
(6,7). Evidence for an autocrine growth loop for MGSA is demonstrated by the 
investigations by Lawson et al. ( 8 ), which showed that antibodies against 
MGSA inhibited the autonomous growth of melanoma cells in vitro. 

2.2.2. Interleukin-8 

Using reverse transcriptase polymerase chain reaction (RT-PCR) analysis, 
simultaneous expression of several cytokines, including IL-8, by melanoma 
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cells has been described ( 9 ). In these experiments, mRNA for IL-8 was found 
more or less in all 13 melanoma cell lines tested. Others have described IL-8 
mRNA production either constitutively ( 10 , 11 ) or on IL-1 stimulation ( 12 ). 
IL-8 has been identified as an essential autocrine growth factor for human 
malignant melanoma cells ( 11 , 13 ). In a study by Shadendorf et al. ( 11 ), block¬ 
ade of autocrine-produced IL-8 either at the mRNA level by antisense oligo¬ 
nucleotides or at the protein level by monoclonal antibodies (MAbs) resulted 
in inhibition of cell proliferation and colony formation. Besides its growth- 
promoting activity on melanoma cells, IL-8 acts as an immunostimulator by its 
chemotactic activity for neutrophils ( 14 ) and T-lymphocytes ( 15 ). In addition, 
IL-8 can induce haptotactic migration of melanoma cells and thereby increase 
their motility ( 16 ). 

2.2.3. Basic Fibroblast Growth Factor 

A prototypical autocrine growth factor for melanoma cells is bFGF. This 
growth factor is a natural mitogen for melanocytes that is found in extracts 
from keratinocytes ( 17 ). It supports melanogenesis by influencing the commit¬ 
ment of neural crest-derived avian embryo cells toward transformation into 
melanocytes ( 18 ). Yet, bFGF is produced by malignant melanoma cells and 
not by melanocytes ( 19 ). As described for IL-8, evidence for the existence of 
an autocrine loop for melanoma cells is given by the fact that proliferation of 
these cells is inhibited by antisense oligonucleotides targeted against bFGF 
and its receptor ( 20 , 21 ). Activation of transmembrane receptor kinases in mel¬ 
anocytes stimulates not only proliferation but also the expression of pigmenta¬ 
tion ( 22 ). Others have described the transformation of murine melanocytes with 
the bFGF gene resulting in autonomous growth of these cells in culture ( 23 ). 

Krasagakis et al. ( 24 ) reported their investigation of growth regulation of 
melanoma cells and melanocytes by bFGF, in which they cultivated melano¬ 
cytes in a serum-free growth factor-reduced melanocyte medium. Melanoma 
cells were maintained in a similar medium. Both cell types were stimulated by 
this exogenous growth factor, but the growth stimulation of melanoma cells 
was less prominent than that of the melanocytes. Perhaps this inferior stimula¬ 
tion was owing to the presence of autocrine production of bFGF by melanoma 
cells. This conclusion was supported by the finding that exogenous bFGF had no 
effect on logarithmically growing dense monolayers of melanoma cell lines ( 24 ). 

2.2.4. Epidermal Growth Factor/Transforming Growth Factor-a 

The EGF/TGF-a system is considered important in the growth regulation of 
melanoma cells, based on support from several lines of evidence. Both of these 
substances maintain similar properties and bind to the same cellular receptor, 


Cytokines and Biologic Response Modifiers 


245 


designated the EGF receptor (25). Nevertheless, TGF-a is produced by mela¬ 
noma cells but not melanocytes (26,27). 

The EGF receptor is expressed on melanoma cells either in its normal form 
or in a truncated form, otherwise identified as the protein product of the c-erb-B2 
oncogene (5). It has been reported that metastatic melanoma cells, but not pri¬ 
mary melanoma cells nor normal melanocytes, respond to EGF (24,28). When 
added to cell cultures at varying doses, exogenous EGF had no effect on mel¬ 
anocyte cell culture yet led to dose-dependent stimulation of metastatic mela¬ 
noma cells in sparse monolayers. When EGF was added in dense monolayers 
of logarithmically growing cultures, no stimulation of proliferation in any cell 
line was observed (24). By contrast, blockade of the EGF receptor by MAbs 
specific for this receptor did not influence melanoma cell growth (2). Specula¬ 
tion therefore arises that an intracrine loop may exist allowing intracellular 
binding of EGF/TGF-a to the EGF-receptor. 

2.2.5. Transforming Growth Factor-fi 

Three forms of TGF-(> are known to exist in mammalian species: TGF-fl,, 
TGF-ff, and TGF-|3 3 . All three have similar functions and bind to the same 
class of receptors (29). Both melanocytes and melanoma cells produce mRNA 
for all three forms, and the TGF-|3 protein is secreted into the culture superna¬ 
tant as described by Albino et al . (27). 

Considerable differences in the in vitro response of normal melanocytes and 
malignant melanoma cells to TGF-|3 have been observed (24). Fluman melano¬ 
cytes are strongly inhibited by exogenous TGF-|3. By contrast, melanoma cells 
escape growth inhibition, leading to no effect, and in some cases undergo cell 
proliferation when this cytokine is added to cell cultures (24). Similar findings 
describing altered sensitivity of minimally and highly metastatic melanoma 
cells to TGF-|3 have been reported in the murine system (30). 

2.2.6. Nerve Growth Factor 

NGF is important for differentiation and survival of sympathetic and sen¬ 
sory neurons. Its role in human melanoma, as well as the role of other growth 
factors such as HGF and IGF-1, is less well understood. Much like EGF, high 
levels of NGF receptors are expressed on metastatic melanoma cells (31,32). 
Fow levels of this receptor are expressed on primary melanoma cells and 
melanocytes. Upregulation of the NGF receptor can be induced by exposure to 
12-G-tctradccanoylphorbolacetate, a tumor promoter, or to ultraviolet radia¬ 
tion (33,34). Under certain conditions, NGF may increase melanoma cell num¬ 
bers and proliferation in vitro (24,35). However, NGF mainly increases 
melanoma cell survival (34). 
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2.2.7. Hepatocyte Growth Factor 

It has been reported that HGF is mitogenic for melanocytes in the presence 
of bFGF or mast cell growth factor (36). c-Met and c-Kit, the receptors for 
HGF, are, in contrast to the bFGF receptor, not constitutively activated in mela¬ 
noma cells (22). Nevertheless, several human metastatic melanoma cell lines 
have been shown to be stimulated by HGF, as judged by protein phosphoryla¬ 
tion, indicating that the receptor for this ligand continues to be expressed in 
transformed melanocytes and may have a role in melanoma proliferation, pos¬ 
sibly at predilected sites of metastasis. Preferential metastasis to the liver was 
shown to be the result of a melanoma growth factor produced by hepatocytes 
(37). It is possible that this growth factor was HGF. 

2.2.8. Insulin-Like Growth Factor-1 

Exogenous IGF-1 stimulates the proliferation of melanoma cells in vitro 
after binding to the IGF-1 receptor present on these cells (28). As of yet, no 
reports have described the production of IGF-1 by melanoma cells. 

2.2.9. Interleukin-10 

IL-10 has been shown to dampen the immune response by downregulating 
the secretion of several cytokines by T-cells and monocytes (38-40) and by 
reducing antigen-specific activation of T-lymphocytes by diminishing antigen- 
presenting capacity of monocytes (41). Originally, IL-10 was found to be 
expressed by various normal and malignant cell types of hematopoietic origin 
(42). Others have reported the presence of IL-10 in other malignancies, includ¬ 
ing carcinomas such as ovarian carcinoma (43). Overexpression of IL-10 
mRNA and production of biologically active IL-10 protein has been observed 
in several melanoma cell lines (9,44,45). Melanocytes express IL-10 mRNA in 
vitro; however, levels are significantly lower than those observed in melanoma 
cells, and no IL-10 protein itself has been detected (9,44,45). In vivo, selective 
expression of IL-10 mRNA has been described in tissues of primary melano¬ 
mas and melanoma metastases in comparison to normal skin (9,45). The pro¬ 
duction of biologically active IL-10 by melanoma cell lines suggests that IL-10 
mRNA in melanoma lesions may derive, at least in part, from the tumor cells 
themselves. Tumor-infiltrating cells, however, could also be a source of IL-10 
in melanoma tissues. The biologic relevance of IL-10 by carcinoma cells 
remains poorly understood, but accumulating evidence from in vitro systems sup¬ 
ports an important role IL-10 may play not only in the suppression of T-cell- 
mediated responses leading to the postulated “paralysis” of an antimelanoma 
immune response, but also as an antiinflammatory mediator in vivo (46). 
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3. Inhibitory Cytokines and Growth Factors 

Pleiotropic cytokines and growth factors can have positive and negative ef¬ 
fects simultaneously on various steps of tumor progression. Preclinical investi¬ 
gations are relatively consistent in determining a stimulatory or inhibitory role 
of these proteins in cutaneous melanoma; however, on occasion, contradictory 
results have been reported. A few examples of such contradiction follow (Table 2). 

In 1998, Ladanyi et al. (47) reported on the effects of a panel of cytokines on 
the proliferation and type IV collagenase production in four melanoma cell 
lines of different origin, tumorigenicity, and metastatic capacity. TGF-|3, TNF-a, 
and, to a lesser extent, IL- la exhibited antiproliferative effects on the cell lines, 
with some lines showing varying degrees of resistance. The sensitivity did not 
correlate directly with the origin or the biologic behavior of the tumor lines, 
suggesting that cytokine resistance of advanced stage melanoma cells may be 
relative (47). On the contrary, IL-2, IL-10, and IL-12 displayed little or no 
effect on proliferation. Interestingly, those cytokines that exhibited the most 
pronounced antiproliferative activity also proved most effective in stimulating 
collagenase secretion, often simultaneously, in the same line (47). By contrast, 
it has been reported that although human melanocytes are strongly inhibited by 
exogenous TGF-|3, melanoma cells escape growth inhibition by this cytokine 
(24). As described above, the production of IL-10 by melanoma cells or within 
melanoma tissue may play an important role in immune tolerance by these 
malignant cells. Recombinant IL-2 possesses well-described potent antitumor 
activity in a number of murine tumor models, including cutaneous melanoma 
(48). Finally, in vitro and in vivo evaluation of IL-12 in malignant melanoma 
models demonstrates significant antitumor activity (49). 

3.1. Granulocyte Macrophage Colony-Stimulating Factor 

Expression of GM-CSF mRNA has been described in numerous in vitro 
experiments of melanoma cell lines (9,50,51). Three of 13 melanoma cell lines 
and 4 of 7 melanocyte cultures investigated by Kruger-Krasagakes et al. (9) 
expressed GM-CSF mRNA. Two other melanoma cell line cultures were shown 
to produce GM-CSF mRNA and GM-CSF protein (50,51)', however, no reports 
exist on the production of GM-CSF in melanocytes. It is well known that 
GM-CSF was originally described as promoting the differentiation and matu¬ 
ration of hematopoietic precursors to mature granulocytes, macrophages, and 
dendritic cells (52). Less well understood, but becoming clearer, are the bio¬ 
logic consequences of GM-CSF production by melanoma cells. 

The coexistence of regions of regression and progression observed in melanoma 
lesions indicates that the local microenvironment strongly influences the out- 
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Table 2 

Inhibitory Cytokines and Growth Factors 3 


Factor 

Reference 

Effect 

GM-CSF 

9,50,51,54-56 

Augments tumor antigen presentation 
by APCs; stimulates specific anti¬ 
tumor immunity by lymphocytes 

Interferons (IFN-a, 
IFN-(3, IFN-y) 

24,61-66 

Inhibits cell proliferation; immune 
mediators enhance effector cell 
activity, upregulate tumor 
antigens and HLA class I and II 
antigens; anti-angiogenic 

IL-la, IL-lp 

2,9,10,50,67-75 

Pleiotropic effects; directly augments 
or suppresses melanoma cell 
proliferation, i.e., enhances 
tumorigenicity and metastatic 
spread while causing 
immunostimulatory effects 

1L-2 

48,54,77 

Potent immunostimulatory 
effects on cell-mediated 
immunity, both specific and 
nonspecific, leading to dramatic 
antitumor activity 

1L-6 

9,10,50,78-81,88 

Both antiproliferative and 
growth-stimulatory effects, 
dependent on stage of melanoma 
progression; induces B-cell 
maturation and proliferation; 
induces T-cell maturation and 
cytotoxicity 

1L-12 

49,91 

Promotes induction of a T H 1 

response; stimulates NK cells and 
CD8 + T-cells, leading to 
anti-tumor immunity 

1L-15 

54,93-95 

Overexpressed in regressive primary 
human cutaneous melanoma 
samples; Important regulatory 
mechanism for T-cell 
recognition of melanoma cells 
possibly represented by expression 
in melanoma cells 





Cytokines and Biologic Response Modifiers 249 


Table 2 (continued) 


Factor 

Reference 

Effect 

TNF-a 

9,10,66,72,96-99 

Variable effects on melanoma: 
cytostatic; modulates cell-surface 
antigens and adhesion molecules; 
cytotoxic; suppresses local tumor 
growth; enhances metastasis 
formation; may enhance cell- 
mediated immunity at tumor site 


“GM-CSF, granulocyte macrophage colony-stimulating factor; APCs, antigen-presenting 
cells; IFN, interferon; HLA, human leukocyte antigen; IL, interleukin; NK, natural killer; TNF, 
tumor necrosis factor. 


come of this antitumor immune response (53). A complex network of interacting 
cytokines present in the local microenvironment critically influences the outcome 
of immune responses. Using RT-PCR and in situ hybridization, higher transcript 
levels for GM-CSF mRNA, among other cytokines, have been observed in 
regressive regions of primary human cutaneous melanoma samples (54). 

Immunologically mediated gene therapy approaches generally use the strat¬ 
egy of transfecting cDNAs encoding genetic material to the malignant cells to 
encode a particular gene product that is capable of augmenting the host 
immune responses against the developing tumor. The advantage of this 
approach is the production of high levels of specific cytokines secreted in the 
vicinity of the tumor without the associated toxicides observed with systemic 
cytokine administration. These locally high concentrations of cytokines in the 
tumor environment may modulate host immune responses in several ways, 
including the augmentation of tumor antigen presentation by professional 
antigen-presenting cells (APCs) and the activation of tumor-specific lympho¬ 
cytes. Immunization experiments with GM-CSF-transduced tumor cells have 
revealed an induction of long-lasting systemic immunity. Using a B16 mela¬ 
noma model, in which irradiated tumor cells alone did not stimulate significant 
antitumor immunity, Dranoff et al. (55) found that irradiated, retrovirally trans¬ 
duced tumor cells expressing murine GM-CSF stimulated potent, long-lasting, 
and specific antitumor immunity, requiring both CD4 + and CD8 + cells. More¬ 
over, of the 10 molecules tested GM-CSF was the most potent stimulator of 
systemic antitumor immunity. The possibility that localized expression of 
GM-CSF by vaccinating cells might specifically enhance tumor-antigen pre¬ 
sentation by host APCs is compatible with the finding that both CD4 + and 
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CD8 + cells were required for the antitumor response, because B16 cells do not 
express detectable amounts of class II major histocompatibility complex 
(MHC) molecules, even after IFN-y treatment, and therefore are unlikely to be 
able to prime antigen-specific CD4 + cells (55). Using a similar technique, 
Armstrong et al. (56) evaluated the effect of melanoma-derived GM-CSF on 
the pathogenesis of cutaneous melanoma in a syngeneic, immunocompetent 
murine model system. These investigators demonstrated a dose response effect 
of tumor inhibition by melanoma-derived GM-CSF. Additionally, vaccination 
with irradiated GM-CSF-producing melanoma cells conferred optimal immu- 
nogenicity against a subsequent challenge with parental melanoma cells. 
Immunohistochemical studies performed on inoculation sites revealed the pres¬ 
ence of large numbers of dendritic cells, suggesting recruitment of these APCs 
in the vicinity of tumor cells expressing GM-CSF (56). 

3.2. Interferons (IFN-a, IFN-p, IFN-i) 

IFNs are glycoproteins with diverse immunomodulatory effects on tumor 
cells (57-59). The mechanism of action includes both direct antiproliferative 
and immune-mediated effects via enhanced natural killer (NK) cell activity or 
upregulation of tumor antigens and/or human leukocyte antigen (HLA) class I 
and II antigens (57), and inhibition of angiogenesis induced by IFN-a (60). 

In vitro evaluation of these cytokines in the treatment of cultured human 
melanoma cells has demonstrated significant antiproliferative activity (24,61-65). 
Whereas some investigators have observed IFN-y to be the most potent of the 
interferons (61), others have demonstrated IFN-|3 to be more efficient than 
IFN-a, containing well-described antitumor activity in vivo, or IFN-y in inhib¬ 
iting melanoma cell proliferation (24,62-65). In fact, up to 56-80% of growth 
inhibition has been reported when melanoma cells have been cultured in the 
presence of these individual cytokines (24). 

The interferons are not produced directly by melanoma cells yet may be 
detected in tumor-involved lymph nodes in a human melanoma system. CD8 + 
T-cells can be isolated from tumor-infiltrating lymphocytes from human mela¬ 
noma, which are capable of producing type I cytokines, such as IFN-y and 
TNF-a, in an MHC class I-restricted and tumor-specific noncytolytic interac¬ 
tion with the autologous melanoma cells (66). Through these type I cytokines, 
“help” can then be provided for the process of generating as well as in main¬ 
taining an effective CD8 + cytotoxic T-lymphocyte response. In addition, 
recruitment of other effector cells such as NK cells, macrophages, and others 
to the tumor site may then ensue, leading to a potent cell-mediated antitumor 
response. 
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3.3 Interleukin-la and Interleukin-lfi 

Several studies have reported on the constitutive production of either IL-1 a 
or IL-1 (3 mRNA and protein by melanoma cell lines (Table 2) (2,9,10,50,67-69). 
The biologic effects of IL-1 secretion by melanoma cells are complex. In vitro, 
some investigators have reported that IL-1 directly augments or suppresses 
melanoma cell proliferation (67,70), whereas others have observed that IL-1 
inhibits the growth of both melanoma cells and melanocytes (71-73). In vivo, 
IL-1 exerts pleiotropic effects, and the role of melanoma-derived IL-1 is not 
altogether clear because it can either enhance or suppress tumorigenicity of 
melanoma cells. In one manner, IL-1 has been reported to induce systemic 
immune suppression in mice when administered via iv injection (74) and to 
enhance metastatic spread when coinjected with human melanoma cells in nude 
mice (75). In support of the metastatic potentiation of IL-1, others have reported 
that melanoma-derived IL-1 mainly induces expression of intercellular adhe¬ 
sion molecule-1 (ICAM-1) on melanoma cells, and that treatment of mela¬ 
noma cells with an anti-IL-1 antibody not only decreased the level of ICAM-1 
expression but also lowered their adherence to cultured endothelium (68). On 
the other hand, the secretion of IL-1 by melanoma cells could also act in an 
immunostimulatory fashion through its potential to activate other lymphoid 
cells, as has been observed in other tumor systems (76). 

3.4. Interleukin-2 

Gene expression for the immunostimulatory molecule IL-2 in human mela¬ 
noma cell lines is often undetectable (9). Yet, other investigators have docu¬ 
mented the presence of IL-2 mRNA by RT-PCR and in situ hybridization and 
increased transcript levels for the cytokine IL-2, in combination with GM-CSF 
and IL-15, in samples from regressive primary human cutaneous melanomas 
(54). From these intriguing data, it can be hypothesized that cytokine combina¬ 
tions such as this may be relevant for experimental antitumor immune response 
studies and for immunotherapeutic and gene transfer studies in the treatment of 
melanoma patients. 

One such study by Vile and Hart (77) supports this concept. In this study, 
they transfected B16 melanoma cells in vitro with cDNAs encoding the 
5' flanking region of the murine tyrosinase gene with the murine IL-2 gene, 
allowing for a tissue-specific promoter to direct expression of the cytokine 
gene to the tumor cells. Expression of IL-2 in the murine melanoma cells com¬ 
pletely abrogated their tumorigenicity in syngeneic mice. Injection of these 
constructs into established tumors resulted in efficient expression of these 
cytokine genes, and, although alterations in growth rates were not observed, 



252 


Clark 


these results suggest that direct genetic modification may be a feasible thera¬ 
peutic approach for patients with advanced melanoma. 

3.5. Interleukin-6 

IL-6 mRNA is variably expressed by melanoma cell lines, but all cell lines 
that contain transcripts for IL-6 also produce biologically active IL-6 (9,10,50). 
By contrast, melanocyte cell cultures show a more homogeneous pattern of 
cytokine gene expression, although generally at lower levels than melanoma 
cells (9). 

Although IL-6 is inhibitory for melanocytes (73), both antiproliferative 
(78-80) and growth-stimulatory effects (81) have been reported on melanoma 
cells, depending on the stage of melanoma progression. When added to cell 
cultures containing melanoma cell lines, IL-6 enhances the antiproliferative 
effect of the potent inhibitory cytokines IL-1 and TNF-a (78). Melanoma cells 
derived from radial growth phase or early vertical growth phase are inhibited by 
IL-6 (79). By contrast, melanoma cells from advanced vertical growth phase 
lesions or metastasis are completely resistant to the IL-6-mediated growth inhi¬ 
bition. Subsequent work from the same group showed that endogenously pro¬ 
duced IL-6 in metastatic melanoma cells may serve as an autocrine stimulator (Si ). 

The role IL-6 plays in host antitumor responses is multifactorial and not 
completely defined. IL-6 appears to serve as an inducer of B-cell maturation 
and proliferation and of T-cell maturation and cytotoxicity (82,83). IL-6 has 
been shown to enhance directly the growth of B-cell lymphoma (84). It has 
well-described autocrine growth-stimulatory functions in multiple myeloma 
(85,86). By contrast, the administration of IL-6 to mice bearing fibrosarcomas 
or colon carcinomas has reduced tumor growth and metastatic colony forma¬ 
tion (87). Additionally, Sun et al. (88) have demonstrated decreased tumor 
growth in vivo by B16 melanoma cells transfected with the human IL-6 gene. 
Possible mechanisms for this effect included increased expression of receptor 
for matrix proteins and an apparent inhibition of neovascularization in the 
IL-6-transfected tumors. 

3.6. Interleukin-12 

IL-12 is a disulfide-linked heterodimeric cytokine produced primarily by 
“professional” APCs such as macrophages and formerly termed NK cell- 
stimulatory factor or cytotoxic lymphocyte maturation factor (89,90). It is com¬ 
posed of light (p35) and heavy (p40) chains and binds to a receptor on T-cells 
and NK cells, promoting the induction of primarily a T H 1 response in vitro and 
in vivo. IL-12 has well-described antitumor activity in murine melanoma tumor 
models in vivo (49,91). 
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Among a number of murine tumor models studied by Brunda et al. (49), 
experimental pulmonary metastases or sc growth of the B16F10 melanoma 
was markedly reduced in mice treated intraperitoneally with IL-12, resulting in 
an increase in survival time. These investigators were able to demonstrate the 
critical role of CD8 + T-cells in mediating the IL-12-induced antitumor effects 
against sc tumors. 

Using a novel alternative approach to obtain paracrine cytokine secretion at 
the tumor site, Tahara et al. (91) transfected fibroblasts to express bioactive 
IL-12 and then inoculated animals using the poorly immunogenic murine mela¬ 
noma cell line (BL-6) in C57B1/6 mice. The antitumor results reported in this 
investigation suggest that local delivery of IL-12 inhibits tumor growth in a 
dose-dependent manner but leads to the development of an antitumor immune 
response when IL-12 is expressed at the tumor site at relatively small amounts. 

3.7. Interleukin-15 

Along with GM-CSF and IL-2, IL-15 mRNA and increased cytokine levels 
have been reported to be overexpressed in regressive primary human cutane¬ 
ous melanoma samples (54). IL-15 mRNA has been detected in keratinocytes, 
fibroblasts, macrophages, lymphocytes, and melanoma cells. The presence of 
IL-15 transcripts in the latter two cell types may be of particular interest. 
Whereas IL-15 mRNA is expressed in a variety of cell types, normal T-cells 
originally were suggested to lack IL-15 transcripts (92). Flowever, these results 
and recent reports on IL-15 mRNA expression in activated T-cells and T-cell 
lines (93,94) indicate that melanoma tumor-infiltrating lymphocytes should be 
included in the spectrum of IL-15 mRNA-expressing cells. Immunoreactivity 
of IL-15 mRNA-positive cells with anti-IL-15 antibodies indicates that these 
transcripts are in fact translated (54). The presence of IL-15 transcripts and 
protein in melanoma cells may also be of particular importance. Because inhi¬ 
bition of endogenous IL-15 by specific antibodies results in downregulation of 
HLA class I expression in melanoma cells (95), expression of IL-15 in mela¬ 
noma cells may represent an important regulatory mechanism for T-cell recog¬ 
nition of melanoma cells. 

3.8. Tumor Necrosis Factor-a 

TNF-a mRNA is variably expressed in melanoma cell lines (9). Whereas 
other investigators have shown TNF-a production by melanoma cells at the 
protein level (10,96), low levels of TNF-a mRNA have been detected in cul¬ 
tured melanocytes as well (9). The complete role of TNF-a in malignant mela¬ 
noma has not yet been completely elucidated. Although melanocytes are 
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strongly inhibited by TNF-a (73), only some melanoma cell lines are suscep¬ 
tible to TNF in terms of cytostatic activity (10,97) and modulation of cell- 
surface antigens and adhesion molecules (72). In addition, TNF has been shown 
to possess cytotoxic properties and therefore may select for melanoma cells 
with enhanced malignancy in vitro (97). The in vivo effects of TNF-a are var¬ 
ied depending on the tumor cell line being evaluated; that is, suppression of 
local tumor growth has been observed by some investigators (98) whereas oth¬ 
ers have reported the enhancement of metastasis formation in response to the 
administration of TNF-a (99). CD8 + T-cells, isolated from tumor-infiltrating 
lymphocyte cells from human melanoma, have been shown to synthesize type I 
cytokines (IFN-y and TNF-a) in an MHC class I-restricted and tumor- 
specific noncytolytic interaction with autologous melanoma cells (66). Such 
an interaction and cytokine production may enhance cell-mediated immunity 
at the tumor site. Therefore, given these variable effects, the role of TNF-a as 
a modulator of melanoma growth and metastasis needs to be investigated 
further. 

4. Clinical Use of Cytokines and Growth Factors 

Despite the vast array of preclinical information available for biologic 
response modifiers and their role in the pathology of malignant melanoma, few 
agents, unfortunately, have shown efficacy in the clinical treatment of patients 
with this disease. This is not to say that there is a lack of clinical investigation, 
but, rather, to date, most trials have been wholly negative in their outcome. 
Focus, therefore, will concentrate on a relatively few such studies. 

4.1. Adjuvant Treatment of High-Risk Melanoma 

The prognosis for patients with cutaneous malignant melanoma worsens 
considerably if the primary tumor invades deeply (>1.5 mm, American Joint 
Committee on Cancer [AJCC] stage II) and/or spreads to regional lymph nodes 
(AJCC stage III). Such patients are therefore appropriate candidates for studies 
of postsurgical adjuvant therapy. Several observations, including the antitu¬ 
mor effects of biologic therapy in preclinical testing, discussed above, suggest 
a role for immunologic mechanisms in controlling the proliferation and spread 
of melanoma cells (100,101). Therefore, specific immunomodulatory 
approaches using cytokines have been evaluated. 

Given the promising inhibitory effects of IFN-y in vitro and in vivo, it was 
chosen for evaluation in the treatment of patients with resected high-risk mela¬ 
noma. Phase I studies showed that IFN-y was well tolerated and favorably 
affected immune parameters in patients with completely resected melanoma 
(102-104). Accordingly, the Southwest Oncology Group undertook a random- 
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ized, phase III trial (SWOG-8642) to test whether prognosis was improved 
with recombinant human IFN-y compared with observation following defini¬ 
tive surgery for cutaneous melanoma (105). Two hundred eighty-four patients 
were enrolled, but, disappointingly, no statistically significant difference in 
disease-free or overall survival were detected. 

IFN-ot has undergone extensive evaluation in the adjuvant setting (106), but 
until recently, no proven benefit was observed. In stage II patients, a recent 
European trial reported a benefit in disease-free survival when adjuvant IFN-a2a 
was compared to observation after surgical resection (107). In this report, 311 
patients with melanoma of a Breslow thickness >1.5 mm but without lymph 
node involvement were assigned to either adjuvant IFN-a2a administered sub¬ 
cutaneously for 1 yr or observation. A statistically significant improvement in 
disease-free survival was observed in the treatment arm, but not in overall sur¬ 
vival. The most common side effects experienced by the treatment group were 
mild to moderate constitutional-type symptoms. 

Stage III patients have a much higher risk of recurrence and subsequent 
death from malignant melanoma, therefore warranting a more aggressive 
approach to treatment in the adjuvant setting, in some investigator’s viewpoint. 
In 1996, very promising results were reported from a large cooperative, ran¬ 
domized phase III clinical trial (El684) evaluating very high dose IFN-a2b vs 
observation in patients with high-risk stage III malignant melanoma (108). In 
this study, 287 patients with stage III resected melanoma were randomized to 
receive IFN-a2b at 20 mU/m 2 intravenously daily, five times per week for 
4 wk, followed by 10 mU/(m 2 -d) subcutaneously three times per week for 
48 wk or observation. At the time of publication, median follow-up was 6.9 yr. 
Toxicity in the treatment arm was profound, requiring dose adjustments in the 
majority of patients, and consisted mainly of significant constitutional symp¬ 
toms, hepatotoxicity, myelosuppression, and depression. Yet, despite this tox¬ 
icity, for the first time in the treatment of malignant melanoma in the adjuvant 
setting, not only was an improvement in disease-free survival observed, but 
also an improvement in overall survival. Median disease-free survival 
improved from 1.0 to 1.7 yr and overall survival from 2.8 to 3.8 yr, in a statis¬ 
tically significant manner (108). These results led to approval of IFN-a2b at 
this dose and schedule as adjuvant treatment for high-risk resected stage III 
malignant melanoma by the US Food and Drug Administration (FDA). 

In an effort to confirm and extend these results, an intergroup trial was 
designed (El 690) and recently reported at the thirty-fifth annual meeting of the 
American Society of Clinical Oncology in Atlanta, GA (109). This study 
enrolled 642 stage III patients and randomized them to one of two treatment 
arms or observation. The treatment arms included the same high-dose 
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IFN-a2b schedule outlined for E1684 vs a lower-dose regimen of IFN-a2b at 
3 mU/d subcutaneously three times per week for 2 yr. Based on an intent- 
to-treat analysis of 608 evaluable patients, an improvement in disease-free sur¬ 
vival was once again observed for the high-dose treatment arm when compared 
to observation; however, no statistically significant improvement was identi¬ 
fied for overall survival. The low-dose arm showed no improvement in dis¬ 
ease-free or overall survival as compared to the no-treatment arm. The 
explanation for this lack of advantage of overall survival is distressing and, as 
yet, not fully understood. Clinicians worldwide anxiously await further detailed 
evaluation and subsequent publication of these results to understand better the 
role of high-dose IFN-a2b in the adjuvant treatment of high-risk resected ma¬ 
lignant melanoma. 

4.2. Systemic Treatment of Metastatic Melanoma 

Although surgery with or without adjuvant IFN-a therapy can be curative in 
stage I, II, or III disease, many patients will develop distant metastases. Dis¬ 
seminated metastatic disease is associated with a poor prognosis and a mortal¬ 
ity rate of >95%. Several treatment options are available to patients with 
metastatic disease, including single-agent dacarbazine (DTIC) chemotherapy, 
a variety of combination chemotherapy regimens, and combinations of chemo¬ 
therapy with tamoxifen or IFN-a. DTIC chemotherapy produces responses in 
approx 20% of patients, with a median response duration of 4-6 mo, a 5-yr 
survival rate of 2%, and a median survival time of 6-9 mo (110). Although 
single-institution phase II studies and small phase III trials have shown that 
combination chemotherapy, or the addition of either tamoxifen or IFN-a to 
DTIC chemotherapy, has potential benefit, no regimen has yet proved superior 
to DTIC chemotherapy alone (111-118). 

Based on animal model data, a high-dose IF-2 regimen was developed in 
which IF-2 was administered by short iv infusion every 8 h, with or without 
lymphokine-activated killer cells (119,120). In 1997, the US FDA approved 
high-dose bolus IF-2 as a single agent for the treatment of metastatic mela¬ 
noma based on a report describing the findings from an updated 270 patient 
database of metastatic melanoma patients treated with this same high-dose 
IF-2 regimen between 1985 and 1993 (121). These 270 patients were enrolled 
in eight phase II clinical trials during this time span conducted at 22 institu¬ 
tions around the United States. Patients received high-dose bolus IF-2 at 
600,000-720,000 IU/kg as a 15-min iv bolus every 8 h for 14 consecutive doses 
over 5 d, as tolerated. After a 6- to 9-d rest period, an additional 14 doses of 
IF-2 were scheduled over the next 5 d. Courses of therapy were usually sepa¬ 
rated by 6- to 12-wk intervals. The overall objective response rate was 16% 
(95% Cl, 12-21%), with 17 complete responses (6%) and 26 partial responses 
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(10%). Responses occurred with all sites of disease and in patients with large 
tumor burdens. The median response duration for patients who underwent a 
complete response has not been reached and was 5.9 mo for those who achieved 
a partial response. Twenty-eight percent of the responding patients, including 
59% of the patients who achieved a complete response, remain progression 
free. Toxicity, although severe, inducing a capillary leak type of syndrome 
requiring intensive care unit type of monitoring, generally reversed rapidly 
after therapy was completed (121). Thus, despite this relatively low overall 
response rate and high toxicity profile, high-dose bolus IL-2 treatment seems 
to benefit some patients with metastatic melanoma by producing durable com¬ 
plete and partial remissions and should be considered for appropriately selected 
patients. The only predictive factor for response was good performance status 
at baseline and no prior systemic therapy. 

Other IL-2-based investigations, alone, at lower doses, or in combination 
with other cytokines and/or chemotherapy have been reported (122-126). 
None, however, have shown the substantial durable remissions observed with 
the high-dose bolus IL-2 schedule described. 

Few other cytokines or growth factors have been evaluated as extensively as 
IFN-a or IL-2 in malignant melanoma (127,128), but active investigation is 
ongoing. 
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1. Incidence and Mortality 

The incidence and mortality rates of melanoma increased dramatically from 
1973 to 1994, rising 120.5 and 38.9%, respectively ( 1 ). From 1990 to 1994, 
men had higher incidence (17.3/100,000) and mortality rates (3.5/100,000) than 
women (incidence: 11.6/100,000; mortality: 1.7/100,000) and had more mela¬ 
nomas on the trunk or the head and neck; women had more on the lower limbs, 
but the largest increases for an anatomic site were for the trunk. Incidence rates 
for birth cohorts born after 1945 seem to be stabilizing. Mortality rates of mela¬ 
noma are declining for women born in the 1930s or later and men born since 
the 1950s. 

In the United States, a large proportion of the melanomas detected in recent 
years were in the local stage and had a thickness <0.75 mm ( 2 ). Thus, in recent 
years, a large proportion of the melanomas were treated with ambulatory 
office-based surgery procedures with a local excision having 1-cm margins. 
The median depth of melanoma has decreased in association with public 
education campaigns in a number of developed countries. The fraction of 
melanomas presenting as thick primary melanomas is dwarfed by the interme¬ 
diate thickness group that is clinically node negative with a Breslow depth of 
1.0-4.0 mm. 

2. Staging 

In 1988, the American Joint Committee on Cancer (AJCC) ( 3 ) adopted a 
four-stage classification for melanoma based on Breslow thickness ( 4 ), Clark 
levels ( 5 ), and metastases, with the stage predicting the prognosis ( 6 ) (Table 1). 


From: Methods in Molecular Medicine, Vol. 61: Melanoma: Methods and Protocols 
Edited by: B. J. Nickoloff © Humana Press Inc., Totowa, NJ 
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Table 1 

Staging System for Cutaneous Melanoma Adopted by the AJCC 


Stage 

Description" 

0 

Melanoma in situ, not an invasive lesion 

Clark’s level I 

T is N 0 M 0 

IA 

Localized, tumor <0.75 mm in thickness and invades the 
papillary dermis 

Clark’s level II 

TiN 0 M 0 

IB 

Localized, tumor >0.75 mm but not >1.5 mm in thickness and/ 
or invades to papillary-reticular dermal interface 

Clark’s level III 

t 2 n 0 m 0 

IIA 

Localized, tumor >1.5 mm but not >4 mm in thickness and/or 
invades the reticular dermis interface 

Clark’s level IV 

t 3 n 0 m 0 

IIB 

Localized, tumor >4 mm in thickness 

Clark’s level V 

t 4 n 0 m 0 

IIIA 

Regional lymph node(s) metastasis <3 cm in greatest 
dimension 

Any T, N 1; M 0 

1IIB 

Regional lymph node(s) metastasis >3 cm in greatest 
dimension and/or in transit metastasis 

Any T, N 2 , M 0 

IV 

Distant metastasis 

Any T, any N, Mj 


"is, in situ: N, lymph node; T, tumor; M b distant metastasis. 


Approximately 85% of patients present with melanoma in stages 0,1, and II. 
The distribution in 1995 was 14.9%, stage 0; 47.7%, stage I; 23.1%, stage II; 
8.9%, stage III; and 5.3%, stage IV, which favors better survival than two 
decades ago ( 7 ). Stages I and II divide localized disease into low risk (<1.5 mm) 
and high risk (>1.5 mm), with Breslow tumor depth being the most important 
prognostic factor in stage II disease. In a review of 5093 cases, the 10-year 
survival rate was reported as high as 97% for melanomas having a thickness of 
< 1.00 mm (thin melanoma, localized to skin) and as low as 14% for those with 
melanoma >4.00 mm thick (thick melanoma, localized to skin) ( 7 ). The aver¬ 
age 5-year survival rate for patients with stage II melanoma (intermediate and 
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Table 2 

Five-Year Disease-Free Survival for Primary Melanoma 
by Thickness 


Thickness 

(mm) 

Five-year disease-free survival 
(%) 

<0.76 

96 

0.76-1.49 

87 

1.50-2.49 

75 

2.50-3.99 

66 

>4.00 

47 


thick melanoma localized to the skin) is between 27 and 42% (6,8) (Table 2). 
It is probable that the mortality rate in stage II disease is owing to the presence 
of clinically silent nodal or distant metastases. 

Those with nodal disease (stage III disease), which includes both micro¬ 
scopic disease found on elective regional node dissection and macroscopic dis¬ 
ease removed by therapeutic lymph node dissection, have an overall 5-year 
survival rate of about 30% (9). Individuals with a single involved node have a 
more favorable outcome than those with four or more positive nodes. Once 
distant metastases form (stage IV), the disease is rarely curable and median 
survival time is approx 6 mo. It remains to be seen whether sentinel node biopsy 
with detection of submicroscopic nodal disease by polymerase chain reaction 
(PCR) for tyrosinase mRNA and therapeutic intervention with node dissection 
or adjuvent therapy with high-dose interferon a-2b therapy will change the 
prognosis (10-12). 

As the prognostic accuracy of the Breslow tumor depth has evolved over the 
years since the AJCC staging system began, a convenient way to classify 
patients with stage 0, I, and II melanoma has evolved using the terms thin, 
intermediate, and thick (13). The concept of in situ (limited to the epidermis), 
thin (<1 mm), intermediate (1-4 mm), and thick (>4 mm) melanoma is an arti¬ 
ficial segmentation of the neoplastic continua made by those who study mela¬ 
noma to manipulate the available information to make predictions about the 
disease’s anticipated future biologic behavior and make treatment recommen¬ 
dations. The assessment of the significance of the segmentation (thin, interme¬ 
diate, thick) changes as new information becomes available and always 
recognizes that the prognosis for an individual may be affected by other risk 
factors. Other independent risk factors include increasing age, male gender, 
tumor ulceration, neurotropism, and regression in thinner (<1 mm) tumors (14). 
Melanomas on the hands and feet carry a worse prognosis than those on the 
trunk and head, and those on the extremities have a better prognosis (15). 
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The AJCC melanoma staging being developed has major changes to the 
current scheme (Table 1). The changes in the 2000 staging sysem (Table 3) 
include: 

1. use of thickness and ulceration to classify primary melanoma; 

2. employment of the number of positive lymph nodes, and differentiating between 
microscopic vs macroscopic disease, to classify stage III patients; 

3. grouping of satellite metastases and in-transit lesions into stage III; 

4. inclusion of serum lactate dehydrogenase (LDH) and site of metastasis into the 
M classification in stage IV; and 

5. use of intraoperative lymphosciatigraphy and sentinel node biopsy within the 
classification (16). 

3. Treatment of Primary Tumor 

Historically, a wide excision with 5-cm margins with regional lymph node 
dissection was recommended for all melanomas (17). This margin of excision 
was based on a single 1907 autopsy examination performed by Dr. W. S. 
Handley on a patient with advanced melanoma. The theoretical basis for this 
recommendation was to remove any hidden foci of melanoma cells that may 
give rise to local recurrences or metastasis (18). The recommendation to excise 
tissue to the underlying fascia was based on the desire to remove the superfi¬ 
cial vasculature and lymphatics in the sc tissue. This sole report formed the 
basis for the treatment of melanoma until 1977, when Breslow and Macht (19) 
described 35 patients with melanomas treated with narrow margins. 

The definitive treatment for primary melanoma is surgical excision. The 
margin for surgical treatment of melanoma and the decision to perform selec¬ 
tive lymph node dissection is defined by the Breslow depth. Although 
Breslow’s tumor thickness is of primary importance, Clark’s level of tumor 
invasion may provide additional prognostic value for thin melanomas. As a 
lesion gets thicker, the risk of microsatellitosis increases; therefore, the mar¬ 
gins of wide local excision increase. Head and neck lesions have been exempt from 
the large databases used to derive the recommendations for treatment of cuta¬ 
neous melanoma (Table 4). For thin lesions (<1 mm), 1-cm margins of exci¬ 
sion are recommended (20). For intermediate thickness lesions (1.1-4.0 mm), 
excision of 2-cm margins when feasible is recommended (21,22). If direct pri¬ 
mary closure is not possible, a skin graft or rotation flap is employed. This 
reduction in the margin of resection for thin and intermediate thickness mela¬ 
nomas resulted in significant cost savings because fewer patients required hos¬ 
pitalization. The margin of resection for thick melanomas remains controversial 
but is generally accepted as 2 to 3 cm, which usually requires a skin graft. 
Although patients with tumors >4 mm in thickness have a relatively high 
risk of local recurrence (10-20%), there is little evidence to support extending 
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Table 3 

American Joint Committee on Cancer—Proposed Staging 
for Cutaneous Melanoma: 2000 


Clinical staging 



Pathologic staging 

Stage 0 

Tis: in situ 

NO 

M0 

same 

Stage IA 

Tl°: < or = 1.0 mm 
without ulceration 

NO 

M0 

same 

Stage IB 

Tl*: < or = 1.0 mm 
with ulceration 

NO 

M0 

same 


T2“: 1.01-2.0 mm 
without ulceration 

NO 

M0 

same 

Stage IIA 

T2*: 1.01-2.0 mm 
with ulceration 

NO 

M0 

same 


T3°: 2.01-4.0 mm 
without ulceration 

NO 

M0 

same 

IIB 

T3*: 2.01-4.0 mm 
with ulceration 

NO 

M0 

same 


T4°: > 4.0 mm 
without ulceration 

NO 

M0 

same 

IIC 

T4*: > 4.0 mm 
with ulceration 

NO 

M0 

same 

Stage IIIA 

any Tl-4" 

(1 node, macrometastasis) 

Nl* 

M0 

Tl-4“ Nl" M0 

(1 node, micrometatasis) 

IIIB 

any Tl-4" 

(2-3 nodes, macromet) 

N2* 

M0 

Tl-4" Nl* M0 

(1 node, macromet) 

Tl-4" N2 a M0 

(2-3 nodes, micromet) 

Stage IIIC 

any T 

N2 C 

M0 

any T N2*,N2 C , M0 


[in transit met/sattelite(s), without nodes] 

[N2*:2-3 nodes, macromet 
N2 C : in transit met/ 
satellite(s), no node] 


any T N3 M0 

[4 or > nodes, in transit met/satellite(s)] 

any T N3 M0 

Stage IV 

any T 

any N 

any M 

any T any N any M 


“Micrometastases are diagnosed after elective or sentinel lymphadenectomy. 
*Macrometastases are defined as clinically detectable lymph node metastases confirmed by 
therapeutic lymphadenectomy or when any lymph node metastasis exhibits gross extracapsular 
extensions. 

c In-transit met(s)/satellites(s) without lymph nodes. 

Adapted from: Balch CM. Buzaid AC, Atkins MB, et al. (2000) A new American Joint 
Committee on Cancer Staging system for cutaneous melanoma. Cancer 88, 1484-1491. 


the width of local excision beyond 2 cm. Wide local excisions may reduce 
the incidence of local recurrence but are unlikely to have a survival benefit 
when the risk of preexisting systemic metastasis is so high. 

Recently, Piepkorn and Barnhill (23) recommended lateral 1-cm margins 
for melanomas of all depths; however, margins <1 cm are associated with too 
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Table 4 

Margin of Excision Recommendations by Tumor Thickness 



Surgical margin" 

Tumor thickness 

(cm) 

In situ 

0.5 

<1 mm (thin) 

1 

>1-4 mm (intermediate) 

2 

>4 mm (thick) 

2-3 b,c 


"The surgical margin is measured from the clinical edge of the lesion and 
consists of clinically normal skin, which is particularly difficult to obtain for 
lentigo maligna in chronically sun-damaged skin of the head and neck. 
^Narrower margin not widely accepted. 

"As the 2000 staging system is accepted, margins of excision may change to 
1.0 cm for thickness < 2mm and 2.0 cm for ^ 2 mm tumor thickness. 


great a risk for local recurrence (18,22,24-27). In usual clinical practice, mar¬ 
gins are generally identified without using a Wood’s light to help identify the 
border of pigmentation. In lentigo maligna melanoma and superficial spread¬ 
ing melanoma, the fading border makes it difficult to discern with visual 
inspection. Wood’s light examination of the lesion helps delineate the mar¬ 
gins. For example, for a thin melanoma, the margin of resection is inked at 
multiple points measured radially 1.0 cm from the edge of pigmentation. If a 
primary closure is anticipated, the surgeon orients an ellipse about this circle 
and excises directly down to the fascia, removing the epidermis, dermis, and 
the entire sc layer in a “block.” If a graft is planned, the circular incision is 
excised down to fascia, and the graft is harvested and placed into the defect 
(Fig. 1). If the lentigo maligna melanoma arises in extensively actinically dam¬ 
aged skin, atypical melanocytes may remain at the margins of resection and a 
local recurrence may represent progression of the atypical melanocytes to mela¬ 
noma in situ and not an inadequate initial margin of resection. 

Certain areas require modification of the usual guidelines for wide local 
excision. Excision of thick melanomas of the face may require margins that 
would necessitate sacrifice of vital structures, such as the anterior orbit. In this 
situation, some recommend the use of a somewhat narrower margin. Postop¬ 
erative radiation therapy may reduce the risk of local recurrence (28,29). Sub¬ 
ungual melanoma of the finger requires resection proximal to the distal 
interphalangeal joint or ray amputation. Subungual melanoma of the toe neces¬ 
sitates amputation at the metatarsophalangeal joint. Excision of melanoma 
overlying the breast should include superficial mammary fascia; mastectomy 
is not indicated (30). 





Surgery in Primary Cutaneous Melanoma 


275 


4. Follow-up 

Long-term follow-up for patients with melanoma is important because 
metastasis may be quite delayed. Ten to 15% of recurrence appears after 5 yr. 
Late recurrences have occurred predominately in women with thin primary 
tumors on the extremities (31), which is in contradistinction to the short dis¬ 
ease-free interval for thin melanoma of the head and neck in men (32). The 
disease-free interval in a series of nine cases of melanoma of the head and neck 
was 3 yr or less. This difference may be owing to the histologic subtype of 
melanoma; for example, lentigo maligna melanoma and superficial spreading 
melanoma recurred locally in the skin in the early period and nodal and vis¬ 
ceral metastasis was within 10 yr. Although the risk of progressive disease is 
low for thin melanoma, which has a rate of metastasis of up to 5% of thin 
melanomas (<0.75 mm in Breslow thickness), it appears to increase slightly 
over time (33). 

Another reason to maintain long-term follow-up is detection of second or 
multiple primary tumors. Patients with a history of melanoma, clinically atypi¬ 
cal nevi, and familial melanoma are at especially increased risk of developing 
multiple primary tumors (estimated relative risk of 500) (34). Having a prior 
melanoma confers an estimated relative risk of 9 of developing another mela¬ 
noma. Monthly skin self-examination and examination by a dermatologist is 
necessary to detect the new primary lesions or local recurrences (Table 5). 
Although there are currently no universally accepted guidelines for further 
radiologic and laboratory evaluation of all stages of melanoma patients, a con¬ 
sensus exists for stage 0 and I patients (20). The majority of physicians order 
the following tests: no tests for melanoma in situ, baseline chest X-ray and 
liver function studies for stage I patients, and no additional diagnostic studies 
unless the patient becomes symptomatic (35). In asymptomatic stage II 
patients, there is no clear indication for further radiologic studies, but many 
physicians order initial computed tomography (CT) scans of the brain, chest, 
and abdomen. Stage III and IV disease warrant further radiologic studies, 
directed by symptomatology, physician findings, and sites of recurrence. These 
modalities may include CT, magnetic resonance imaging, bone scans, ultra¬ 
sound, and FDG scans (36). 

5. Lymph Node Dissection 

Lymph nodes are the most common site of initial metastasis. Although the 
management of nonpalpable regional lymph nodes is controversial, there is 
consensus that thin melanomas (stage IA) do not require lymph node dissec¬ 
tion (37). At the other extreme, patients with tumors >4 mm in thickness have 
a very high incidence of distant as well as local and regional metastasis. The sur- 
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Table 5 

Follow-up Guidelines 


Breslow depth 

History and 
physical examination 

Chest X-ray/laboratory studies" 

Stage I/II 

(< 1.0 mm, thin) 

6 mo x 2 yr; 

12 mo thereafter 

None 

1.0-4.0 mm 

4-6 mo x 3 yr; 

Initial: CXR, 

(intermediate) 

12 mo thereafter 

optional CBC, LFTs 
Follow-up: yearly CXR, 
optional CBC, LFTs 

>4.0 mm (thick) 

4-6 mo x 3 yr; 

12 mo thereafter 

Initial: CXR, 

optional CBC, LFTs 
Follow-up: yearly CXR, 
optional CBC, LFTs 

Stage III/IV 

3-4 mo x 5 yr; 

12 mo thereafter 

Initial: CXR and CT scans* 
Initial: CBC, LFTs 

Follow-up: every 6-12 mo 

CXR, LFTs 


"LFTs (liver function tests) are LDH, AST, ALT, Aik Phos. 

*CT scans and blood studies based on physical examination findings. FDG whole-body scan 
can replace the battery of imaging tests performed on high-risk patients (28). 

CXR = chest x-ray, CBC = complete blood count 


vival of this group is not improved by elective lymph node dissection (ELND). 
Thus, the intermediate thickness group with nonpalpable nodes is the group that 
logically could benefit from ELND because the incidence of regional node 
metastasis is significantly greater than the incidence of distant metastasis. 

In the past, some surgeons excised lymph nodes only when they were clini¬ 
cally palpable (therapeutic lymph node dissection), and others preferred to 
remove the nodes in high-risk (intermediate or thick melanomas) patients even 
when they were not palpable because of the likelihood of microscopic node 
metastases. Complete lymph node dissection is associated with significant 


Fig. 1. (previous page) (A) This pigmentation varies over the surface of this 
lesion of the left forearm, which has irregular borders and is 7 x 5 mm in diameter. A 
3-mm punch biopsy of the darkest portion of the lesion reveals a melanoma. Breslow 
depth = 0.43 mm. (B) Surgical margins were plotted using a Woods light to define the 
border of the pigmentation and then a 1.0-cm was margin marked from the end of the 
pigmentation of the lesion. (C) Two weeks after the resection, the split thickness graft, 
which was applied to the fascia over the muscle, is depressed; however, this will rise 
to the level of the surrounding skin over the next few months. 
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morbidity blit provides useful staging information in melanoma because lymph 
node metastasis is an important prognostic factor. Palpable lymph nodes are 
strongly associated with distant metastasis (70-85%) and a 5-yr survival rate 
of only 30%. Any palpable lymph node should be initially examined by fine- 
needle aspiration. An open lymph node biopsy is performed subsequently if 
the aspirate result is positive or inconclusive. Patients with occult disease in 
the lymph node have a more favorable prognosis (9). 

Early retrospective reviews of ELND (9,37,38) did demonstrate a survival 
benefit, but prospective randomized trials (39,40) did not. A concern with these 
studies is that the nodal basins that were dissected were not identified by 
lymphoscintigraphy, and, thus, they may not have included the ones to which 
the region preferentially drained. Although these studies were noted to have 
design flaws, recent results from the Intergroup Melanoma Trial have also dem¬ 
onstrated no survival advantage. The Intergroup Melanoma Trial has found an 
apparent survival advantage in patients under age 60 with primary melanomas 
1 to 2 mm thick (41). In a randomized trial of patients with truncal melanoma 
>1.5 mm in thickness, there was no survival advantage after immediate ELND 
(42). Lymphoscintigraphy using technetium sulfur colloid, which is concen¬ 
trated in the nodes within minutes after id injection, is an accurate preoperative 
method to map lymph node basins at risk for melanoma metastasis. Initial stud¬ 
ies showed surprisingly different drainage patterns than would have been pre¬ 
dicted by anatomic guidelines. A study of 82 patients with intermediate 
thickness melanomas found discordant drainage in 63% of head and neck cases 
and in 32% of truncal cases (43). The timing of the lymphoscintigraphy is impor¬ 
tant. It should be conducted before wide local excision to avoid disruption of 
the lymphatic drainage and obstruction of the true location of the draining nodes. 

6. Intraoperative Mapping and Sentinel Lymph Node Biopsy 

Melanoma metastasis spreads via the lymphatics in an orderly fashion, and, 
therefore, the sentinel node is the first lymph node a metastasis encounters 
before entering into “higher” or more “proximal” nodes. Morton et al. (44) 
introduced the sentinel lymph node (SLN) biopsy for cutaneous melanoma 
patients in 1991. Studies since then have indicated that the SLN is representa¬ 
tive of all nodes in the basin, particularly if the SLN is negative. The SLN 
biopsy technique has evolved from the use of lymphazurin blue vital dye 
injected around the site of the primary melanoma to localize the SLN identi¬ 
fied by preoperative lymphoscintigraphy with a tattoo placed on the skin over 
the node. Now, the SLN is isolated in vivo by a handheld gamma probe based 
on the level of radioactivity of a “hot” SLN compared with background (10,45). 
Ideally, intraoperative mapping should be performed after initial biopsy and 
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before wide local excision. After injecting the radiolabeled tracer, mapping is 
delayed for 4 h to allow maximal localization in the nodes. 

An advantage of SLN biopsy is that it can be performed under local anesthe¬ 
sia for most groin dissections and some head and neck dissections. Usually, 
axillary SLNs require general anesthesia because the nodes are buried under 
considerable fat. Because node dissection can be expected only to increase 
survival in patients with node metastases, SLN biopsy could become a tool to 
identify patients with occult node metastasis, who could then undergo node 
dissection. Specialized pathology techniques may reduce the already low false 
negative rate of SLN biopsies performed by serially sectioning the nodes and 
routine processing with hematoxylin and eosin (H&E), which detects 1 mela¬ 
noma cell in 10,000 normal cells (46). Some centers use S-100 immuno- 
peroxidase staining to improve the accuracy of diagnosis to 1 abnormal cell in 
100,000 normal cells (47). However, a possible pitfall of S-100 antibody stain¬ 
ing of melanoma cells is confusion with other cells, such as interdigitating 
dendritic cells, nevus cells, and certain macrophages within lymph nodes. 
Newer methods of PCR testing for tyrosinase mRNA are able to detect about 
3 melanoma cells in a background of 10 million normal lymphocytes (12). 
PCR has been shown to detect micrometastases in SLNs originally negative by 
routine histology (12). With continued study, the sensitivity of PCR technol¬ 
ogy may yield an unacceptable false positive rate by detecting normal nevus cells 
within lymph node capsules. Capsular nevi are present within 25% of SLN (48). 

SLN biopsy and PCR analysis of the node remain in the realm of research, 
and the benefit to the patient in terms of prolonging the disease-free interval is 
not known. A national multicenter trial is currently studying the survival 
advantage of complete lymph node dissection based on SLN and the possible 
advantage to SLN-positive patients of qualifying for adjuvant therapy proto¬ 
cols. At present, the ability of adjuvent therapy to prolong life has been ques¬ 
tioned, and the scientific community awaits the publication of the Eastern 
Co-operative Oncology Group Trial 1690 by Kirkwood et al. (49), which is the 
study designed to confirm the encouraging results reported in their earlier trial. 
The suggestion and hope is that early detection of occult nodal metastasis may 
substantially affect the final outcome of these patients. Currently, the tech¬ 
nique of SLN biopsy should be considered a staging procedure. 

7. Lentigo Maligna Treated with Mohs Surgery 

The management of lentigo maligna ([LM] melanoma in situ) is now as 
controversial as the margin of resection for intermediate thickness melanoma 
was prior to the results of the prospective randomized trials. The answer to the 
controversy could be provided by a prospectively randomized trial of Mohs 
surgery vs surgical margins of 5 mm or 1 cm. The challenge of LM treatment is 
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Fig. 2. Clinical progression of melanoma. 
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that the disease commonly occurs on extensively actinically damaged skin of 
the head and neck, which is a field of atypical melanocytes. Even after excision 
of the lesion using a Wood’s light to define the edge of the pigmentation and 
0.5-cm margins (Table 4), there are often scattered atypical melanocytes at or 
near the lateral edge of the specimen. Repeated reexcisions may show similar 
results. These atypical melanocytes have been observed to extend as far as 10 cm 
beyond the clinical border of an LM (50), which brings into question the clini¬ 
cal relevance of this finding (51). When deciding whether the margin of resec¬ 
tion is free of tumor, the Mohs surgeon interprets the presence of atypical 
melanocytes in frozen sections prepared with H&E. The interpretation is guided 
by whether the atypical melanocytes are present as scattered single cells (inter¬ 
preted as a negative margin) or clumps of three or more cells (a positive mar¬ 
gin) as well as whether they rise above the basal layer or extend down adnexal 
structures (a positive margin) (52). Methods used to assist in this interpretation 
include rush permanent paraffin sections (53), immunoperoxidase staining with 
HMB-45 (52,54,55) and Mel-5 (56). Given the “field effect” and histologic 
“skip areas” in LM, careful long-term clinical monitoring of the excision site is 
needed to detect any possible recurrence. 

8. Conclusion 

The optimal lateral surgical margins for melanoma are still being investi¬ 
gated. However, several studies have shown that more conservative margins 
have not resulted in higher recurrence rates. Furthermore, the advantages of 










Surgery in Primary Cutaneous Melanoma 


281 


Mohs micrographic surgery, the SLN biopsy technique, and early dissection of 
occult disease with or without postsurgical adjuvent therapy are still under dis¬ 
cussion. Even with this array of promising new therapeutic strategies, the 
importance of early detection in melanoma should not be underestimated. Mela¬ 
noma progresses to metastatic disease in a variable period of time (Fig. 2). Meta¬ 
static melanoma remains resistant to all currently available therapy. At this 
time and for the foreseeable future, successful treatment depends on detection 
in the in situ or thin phase of the disease. 
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Utility of Fine-Needle Aspiration Biopsy 

for Prospective Analysis of Patients Undergoing 

Therapy for Metastatic Melanoma 

Adam I. Riker 


1. Introduction 

Many of the recent advancements in the area of tumor immunobiology have 
allowed us to focus our efforts on the experimental treatment of patients with 
metastatic melanoma. It has been both a frustrating and often a seemingly futile 
effort on the parts of physicians and researchers alike in treating such patients. 
The last decade of research has resulted in a paradigm shift in our understand¬ 
ing of the immunologic interactions between a tumor cell and the host immune 
response. The discovery and clinical application of tumor-associated antigens 
has allowed for a selective and highly specific approach to the treatment of 
patients with stage IV metastatic melanoma (1). 

However, no matter what approach is utilized, there will always remain an 
absolute need to follow carefully and thoroughly all patients who receive either 
experimental or standard therapy. Follow-up visits must include a thorough 
physical examination noting changes such as any degree of tumor regression 
(or growth), side effects or drug-related toxicity possibly related to the treat¬ 
ment, or possible changes on serologic or immunologic evaluation. This last 
aspect of treatment, the immunologic evaluation and response of the patient, 
has become an integral part of the prospective analysis of experimental treat¬ 
ments of the patient with metastatic melanoma. 

Our early experience in treating patients with peptide-based immunotherapy 
has made us acutely aware of our shortcomings in terms of truly understanding 
the complex molecular and immunologic interactions that occur within the in 
vivo tumor microenvironement. Thus, to overcome the difficulties associated 
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with the analysis of sequential changes in melanoma-associated antigen (MAA) 
expression, we developed a method of fine-needle aspiration biopsy (FNAB) 
of metastatic melanoma nodules that provides for the serial analysis of the 
same lesion over time (2). 

There has been renewed enthusiasm in our attempts to understand the cellu¬ 
lar immune response to melanoma. This has translated into the development of 
peptide-based vaccinations based on the utility of small peptide fragments 
derived from the so-called MAAs, which are recognized by T-lymphocytes. 
This has provided us with a basis for the rational design of many of the current 
antitumor and T-cell-based vaccine trials. These MAAs are specifically 
recognized by human leukocyte antigen (HLA) class I-restricted cytotoxic 
T-lymphocytes (CTLs). Such immunologic responses remain a vital key to our 
understanding of the true interactions between the host immune system and the 
tumor cell. 

2. Materials 

1. For immunocytochemistry, the following monoclonal antibodies (MAbs) are utilized: 
W6/32 (Sera Labs, Westbury, NY) for HLA class I (3)', IVA-12 (American Type 
Culture Collection, Rockville, MD) for HLA class II; KS-I (4) for HLA-A2 fluores¬ 
cein isothiocyanate (FITC) antihuman CD8 and FITC anti-human CD4 (Pharmingen, 
San Diego, CA); and anti-MART-l/Melan-A murine IgG 2 b (M2-7C10) (5,6) and 
anti-gplOO mAbHMB-45 (Enzo Diagnostics, Farmingdale, NY). 

2. The secondary antibody is goat anti-mouse IgG (FITC). For secondary staining, 
biotinylated goat anti-mouse IgG (Kirkergaard & Perry, Gaithersburg, MD) is 
used followed by avidin-biotin-peroxidase (Vectasin Elite Kit; Vector, Bur¬ 
lingame, CA) (5). 

3. For reverse transcriptase polymerase chain reaction (RT-PCR), a set of two prim¬ 
ers is selected to amplify each MAA cDNA. Each PCR reaction is composed of 
10XPCR buffer, 1.5mMMgCl 2 , 200 pMdNTP, 1.25 U of AmpliTaq Gold, and 
0.5 pL of cDNA for a final reaction volume of 20 pL. Ten microliters of light 
mineral oil covers the reaction mixture. 

4. Primer selection for all experiments is based on the known genomic sequence of 
all genes of interest. All primers amplify a fragment that spans a known intron. 
The following primers are used: 

a. gplOO: 5'-CTTGGTGTCTCAAGGCAACT (sense) and 5'-TCCAGGTA 
AGTATGAGTGAC (antisense). 

b. MART-1: 5'-ATGCCAAGAGAAGATGCTCAC (sense) and 5'-AGCATG 
TCTCAGGTGTCTCG (antisense). 

c. Tyrosinase: 5'-TTGGCAGATTGTCTGTAGCC (sense) and 5'-GCTATCCC 
AGTAAGTGGACT (antisense). 

d. (3-Actin: 5 '-TGGGCCGCTCT AGGC ACC A (sense) and 5 '-GTTGGCCTTA 
GGGTTCAGGGGG (antisense). 
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Table 1 

Establishment of Melanoma Cell Lines from FNAB Samples 



Lesions 

Patients 


Total number 

39 

23 


Established cell lines 

26 

16 


Success (%) 

67 

70 



Positive Growth" 

Negative Growth 7 ” 

x 2e 

Size of lesion (cm 2 ) (SEM) 

29.5 (±7.1) 

17.6 (±3.8) 

0.06 

Total cells in FNAB sample 

7.8 ± 3.2 x 10 7 

1.3 ±5.1 x 10 7 

0.03 

(before ACK lysis buffer) 

(median) 

(20) 

(10) 


Total cells in FNAB sample 

4 ± 3.2 x 10 6 

0.5 ± 0.2 x 10 6 

0.006 

(after ACK lysis buffer) 

(median) 

(2) 

(0.2) 



"Positive growth is defined as a melanoma cell line that expanded in vitro for greater than 
five consecutive passages and expanded for cryopreservation of at least 1 x 10 7 cells. 

^Negative growth is defined as no appreciable expansion of melanoma cells after 30 d in 
culture. 

c % 2 , variance of melanoma cell growth. 


3. Methods 

An overall success rate in the range of 60-80% can be expected with the 
utilization of FNAB samples for in vitro culturing and establishment of long¬ 
term melanoma cell lines. More recently, this success rate has improved to be 
about 80%, with the establishment of more than 40 long-term melanoma cell 
lines. Each lesion aspirated represents a distinct lesion, with some lesions aspi¬ 
rated from the same patient at different time points. In several patients, mul¬ 
tiple lesions were simultaneously aspirated and analyzed separately. All 
established cell lines should be analyzed for the expression of MAA as deter¬ 
mined by FACS analysis. 

The average size of metastases from which cell lines originated was larger than 
that of metastases from which we could not establish a cell line (29.5 ±7.1 cm 2 
vs 17.6 ± 3.8 cm 2 , y 2 = 0.06). There was a direct correlation between the total 
number of cells obtained (RBCs and viable nucleated cells) from FNAB and 
the ability to establish successfully a melanoma cell line in vitro (7.8 ± 3.2 x 10 7 vs 
1.35 ± 5 x 10 7 , respectively, without RBC lysis buffer; y 2 = 0.03). Fysis of 
RBCs from the starting samples resulted in a lower cell number (4.2 ± 1.7 x 10 6 vs 
0.5 ± 0.25 x 10 6 , respectively, with lysis buffer; y 2 = 0.006). 
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It is also feasible to establish autologous tumor/TIL pairs and solitary TIL 
cultures. Analysis of several of these pairs has revealed that autologous TIL 
cells were able to recognize autologous, HLA-matched tumor cell lines. Sev¬ 
eral TIL cultures exhibited growth of primarily CD8 + lymphocytes with other 
T-cell cultures of primarily CD4 + cells. Thus, much data have shown that 
autologous tumor/TIL pairs, solitary TIL, and melanoma cell lines can be 
readily generated from samples obtained by FNAB. These samples are 
extremely important reagents in determining the nature and identification of 
new melanoma antigens as well as further defining the specificity of the TIL 
cells from the autologous tumor samples. 

A comparison of the levels of expression of gplOO and MART-1 utilizing 
immunocytochemistry was performed on cytospins from the original FNAB 
and from 10 subsequently established cell lines (by FACS) obtained from the 
same specimens. There was a strong correlation in MAA expression between 
fresh tumor explants and cultured cell lines using the two staining methods. In 
general, cell lines generated from metastases with high expression of gplOO 
were found to have high levels of gplOO by FACS analysis compared with the 
expression of the same antigens as detected by immunocytochemistry on freshly 
explanted tumor cells. In all cell lines, there was a high level of HLA-A2 expres¬ 
sion, indicating that the loss or decreased expression of the HLA molecule was 
not a major factor in determining the level of either gplOO or MART-1 expression. 

Occasionally, it was noted that if the fresh tumor explant was positive for 
gplOO, subsequent in vitro culturing of this sample resulted in the loss of this 
MAA by FACS analysis. This selective pressure is known to occur, because 
the loss of these tumor antigens is not essential for the survival of the tumor 
cell. Remember that MAA expression is of no known importance to the tumor 
cell and bears no relationship to the neoplastic process. Thus, MA expression 
in melanoma cells is a remnant of the melanocytic origin, and its loss of 
expression may occur without significant repercussions on cancer cell survival. 
Therefore, these antigens could be particularly sensitive to immune selection 
during disease progression, under the effects of antigen-specific immunization 
and, of course, in vitro culturing. 

3.1. Sample Collection by FNAB 

1. Begin with a 23-gage needle attached to a 10-cc syringe that can be placed within 
a commercially available “pistol grip” device. This allows for its use with a single 
hand, allowing the second hand to stabilize the lesion to be aspirated. 

2. Ensuring that the tip of the needle is firmly within the tumor nodule, apply a 
slight suction to the syringe while maintaining a slow, continuous back and forth 
motion. Always ensure that the tip of the needle remains within the tumor nodule 
during aspiration. 
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*one lesion not evaluable for MART-1 expression 


Fig. 1. (A) gplOO expression: Variability of expression of gplOO in multiple synchronous 
lesions within a patient. A total of 130 sets of synchronous lesions were evaluated for expres¬ 
sion of gplOO and MART-1, demonstrated as the percentage of positive cells within a tumor 
population. (B) MART-1 expression: The same set of lesions (the order of patients is not the 
same from left to right; they are ranked according to the level of antigen expression) is evalu¬ 
ated for MART-1 expression. A, The overall percentage of lesions (all lesions, or at least one 
lesion of a synchronous set of lesions) evaluated by immunohistochemistry/immunocytochem- 
istry negative for gp 100 or MART -1 antigen expression; B, heterogeneity of melanoma antigen 
expression among multiple synchronous lesions; C, data sets representing lesions that were 
strongly positive and homogeneous for antigen expression (>75% positive). 
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3. Prior to removing the needle, discontinue suction and remove the collected speci¬ 
men in the hub and lumen of the needle. Place a small sample on a slide and 
staine (DIFF-QUIK®) and evaluate at the bedside utilizing a standard light 
microscope to ascertain the adequacy of the sample. 

3.2. Cell Culture Techniques 

1. Once an adequate sample is obtained for both diagnosis and immunostaining by 
the cytopathology department, carry out a second pass under sterile conditions 
for subsequent in vitro culturing. 

2. Place samples immediately into complete media at the bedside consisting of 
Iscove’s media (Biofluids, Rockville, MD) supplemented with 10 m M HEPES 
buffer, 100 U/mL of penicillin (Biofluids), 100 pg/mL of streptomycin (Bio¬ 
fluids), 10 pg/mL of ciprofloxacin (Bayer, West Haven, CT), 0.03% L-glutamine 
(Biofluids), and 0.5 pg/mL of amphotericin B (Mediatech, Cellgro, VA) with 
10% heat-inactivated human AB serum (Gemini Bioproducts, Calabasas, CA). 

3. A total cell count is performed to include all nucleated and red blood cells (RBCs). 

4. Place and expand all samples in either 24- or 48-well plates (Costar®; Corning, 
Calabasas, NY) at 4 x 10 6 or 2 x 10 6 cells/well, respectively. If RBC contamina¬ 
tion remains a problem, ACK red blood cell lysing buffer (Biofluids) may be 
utilized first. 

5. In separate wells, attempt to generate tumor-infiltrating lymphocytes (TILs) 
by adding interleukin-2 (IL-2) (Chiron, Emeryville, CA) every other day (1000 
Cetus U/mL). 

6. Maintain all cultures at 37°C in 5% C0 2 and replenish fresh media every 3 d. 
Split tumor cells and TILs as needed and expand based on the rapidity of cell growth. 

3.3. Fluorescent Activated Cell-Sorting Analysis 

Cell-surface expression of HLA and other surface antigens (CD8 and CD4) 
is performed utilizing previously described methods (5). Intracellular staining 
for detecting MA is performed as previously described, reported as the mean 
equivalence of fluorescence, which is the mean fluorescent channel number 
normalized between experiments utilizing standardized fluorescent beads (7). 

3.4. Immunocytochemistry of Cytospin Preparations 

Immunocytochemistry is performed on cytospin preparations from the origi¬ 
nal FNA sample and on subsequent established cell lines. The cytospins are 
fixed in acetone and stained with the same MAbs used for the FACS analysis 
(Biogenex, San Ramon, CA). 

3.5. Polymerase Chain Reaction 

1. PCR is performed with obvious dependency on the primer selection and melting 
temperatures of the primers. The protocol used in most reactions is as follows: 
Ten high-stringency cycles of initiation at 94°C for 9 min, denaturation at 94°C 
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Table 2 

FNAB-Established Autologous Tumor/TIL Pairs and TIL 
Cultures 




Autologous TIL 

Cell line 

CD4 (%) 

CD8 (%) 

F001 

<1 

99 

F015 

12 

82 

F035 

<1 

99 

F005 

89 

10 

F020 

98 

<1 

F045 

6 

94 

F046 

94 

3 

TIL line 

CD4 (%) 

CD8 (%) 

T001 

70 

28 

T002 

8 

90 

T003 

17 

64 

T004 

11 

74 

T005 

4 

95 

T006 

1 

99 

T007 

24 

86 

T008 

87 

10 

T009 

98 

2 


for 30 s, annealment at 65°C for 1 min, and extension at 72°C for 1 min. This is 
followed by 20 low-stringency cycles of 94°C for 30 s, 60°C for 1 min, 72°C for 
1 min, and a final extension at 72°C for 10 min. 

2. For each sample, mix 6 pL of PCR product and 3 pL of bromophenol blue 5X 
loading buffer and run on a 1.3% agarose gel for 45 min at 150 V. Stain the gel 
with Vistra Green (Amersham Life Sciences, Arlington Heights, 1L) 1:10,000 
dilution in IX TBE for 50 min and analyze on a Fluorolmager 595 (Molecular 
Dynamics, Sunnyvale, CA). 

3.6. HLA Typing 

An HLA phenotype of each sample is determined by using sequence- 
specific primer-PCR (8,9) 

4. Notes 

1. Currently, there are no standardized methods of monitoring the response to treat¬ 
ment of patients with metastatic melanoma. However, the clinical response of 
patients, in both terms of increased overall and disease-free survival, seems to be 








294 


Riker 


Table 3 

Correlation of Antigen Expression Between Melanoma Samples 

Fresh Tumor Explant" Daughter Cell Lines* 


Immunocytochemistry FACS analysisc 


Tumor 

gplOO 

(%) 

MART-1 

(%) 

HLA-A2 

gplOO MART-1 

MEFc/(%) MEF/(%) 

HLA-A2 

(MEF/(%) 

F007 

50-75 

>75 

+ 

382/94 

1039/93 

642/94 

F013 

>75 

>75 

+ 

214/70 

279/67 

261/98 

F009 

50-75 

>75 

+ 

189/44 

348/84 

418/97 

F017 

>75 

50-75 

+ 

57/19 

251/76 

253/99 

F020 

50-75 

<25 

+ 

22/9 

246/51 

226/90 

F026 

50-75 

50-75 

+ 

23/37 

67/73 

70/99 

F023 

Negative 

Negative 

+ 

12/5 

76/32 

133/84 

F001 

<25 

50-75 

+ 

0/0 

29/12 

266/99 

F002 

25-50 

50-75 

+ 

0/0 

114/35 

166/97 

F003 

<25 

50-75 

+ 

0/0 

84/30 

161/99 


"The expression of MAA by fresh tumor explants was analyzed by immunocytochemistry 
utilizing the same antibodies for FACS analysis with the results evaluated by a single patholo¬ 
gist and graded on overall percentage of positive cells. 

*FACS analysis was performed on established cell lines for the same MAA expression using 
intracellular staining with the MAb F1MB-45 for gplOO, anti-MART-l/Melan-A murine IgG 2 b 
for MART-1, and MAb W6/32 for HLA-A2 expression. 

"mEF, mean equivalence of fluorescence ( 7 ). 


the ultimate clinical end point. There remain many questions about the proper 
form of surveillance for patients undergoing peptide-based vaccination. The clini¬ 
cal relevance of in vitro data has always been a confounding factor in determining its 
in vivo relevance. On the other hand, the evaluation of the immunologic response 
to therapy by serial FNAB of the same lesion will provide much needed informa¬ 
tion about the molecular mechanisms, which are so poorly understood at present. 

2. The limited success of establishing melanoma cell lines from tumor digests 
obtained from excisional biopsies is most commonly attributed to contamination 
of fibroblasts within the sample. This results in a rapid overgrowth and contami¬ 
nation of the tumor cell population of interest. Thus, it remains a challenge to 
obtain a pure population of tumor cells for in vitro culture and expansion, with 
only a few authors examining the utility of FNAB for the establishment of neo¬ 
plastic cell cultures. FNAB of melanoma lesions provides numerous advantages 
for the analysis of primary and metastatic tumors. It is a minimally invasive pro¬ 
cedure with almost no associated morbidity well described elsewhere (10,11). 
The specimen can be evaluated immediately at the bedside to determine the qual¬ 
ity, quantity, and overall cellular morphology of the FNAB specimen. 
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Table 4 

Tissue Procurement in Melanoma Patients 


Method 

Potential advantages 

Potential disadvantages 

Excisional biopsy 

minor procedure 

Complete removal of lesion 
Adequate tissue obtained 

High sensitivity/specificity 

Surgical procedure 

Possible morbidity 

In vitro culturing difficult 
Loss of prospective analysis 

Incisional/core biopsy 

Minor procedure 

Adequate tissue obtained 
Prospective analysis of lesion 
High sensitivity/specificity 

Architectural disruption 
Potential wound breakdown 
Possible morbidity 


3. The establishment of melanoma cell lines in vitro from FNAB samples poses 
relatively few difficulties, with an appreciable success rate. In other histologies, 
such as renal cell carcinoma, breast cancer, ocular melanoma, colon cancer, 
small-cell lung cancer, and mesothelioma, it was much more difficult to establish 
long-term cultures in vitro. Several could be grown to two or three cell passages 
only to perish soon thereafter. It is likely that certain solid tumors may require 
supplemental growth factors that are not present in the standard media or sera 
utilized. Li et al. (12) demonstrated that only a relatively small number of tumor cells 
obtained by FNAB were required for the successful propagation of primary breast 
cancer cell lines in vitro. Of 25 attempted cases, 12 were passageable, resulting 
in up to 10 7 viable tumor cells. In all cell lines examined, the cultured cells closely 
resembled the original tumor tissue and displayed one or more tumor phenotypes. 

4. It cannot be stressed enough that a true dedication to meticulous cell culture tech¬ 
niques is absolutely required in order to achieve this success rate. Sterile meth¬ 
ods must be utilized during each step of growth and cell expansion, with extreme 
care taken to ensure that the media and other reagents such as IL-2 are changed at 
least every third day. Complacency with cell culture will most assuredly result in 
contamination by fungus, bacteria, or fibroblasts. 

5. Some minor points to consider are that in performing all molecular procedures 
involved with the isolation of either total or messenger RNA, extreme care must 
be taken to ensure purity of the reagents, and all procedures should be performed 
only in an area that has been exclusively designated for RNA isolation alone. In 
addition, all reagents should be of molecular grade, with diethylpyrocarbonate- 
water used in all cases. Any number of commercially available RNA isolation 
kits that result in the isolation of high-quality total RNA are available. Similarly, 
the conversion of total RNA to complementary DNA has been performed with a 
standard kit (Gibco-BRL, Rockville, MD). 

6. It is important that your PCR cycler be optimized and that samples be amplified 
previously in a reproducible manner. Although each experiment results in slightly 
different cycling parameters resulting in slightly different PCR products, it is 
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Table 5 

Advantages of FNAB of Metastatic Melanoma 

1. Immediate sample assessment 

2. Easy to perform/tolerable without local anesthesia 

3. Low morbidity 

4. Minimal disruption of tumor architecture 

5. Preferential sampling of tumor/lymphocytes 

6. Efficient and effective method of tissue procurement 

7. High sensitivity/specificity 

8. No evidence of architectural or functional disruption 

9. Minimal collection of stromal cells/minimal fibroblast overgrowth 

10. Accurate measurement of immunologic and cellular changes that occur within 
the tumor microenvironment of the same lesion or from multiple synchronous 
or metachronous lesions from the same patient 

11. Prospective analysis of melanoma lesions prior to, during, and after treatment 


essential that the same PCR settings ('I'm, time of extension and annealment) are 
used for each PCR amplification. Each set of primers has been designed with an 
appropriate Tm for each set of cycling conditions. 

7. The literature suggests that because of the marked heterogeneity of MAA expres¬ 
sion in synchronous melanoma lesions, one metastatic melanoma tumor nodule 
obtained by wide local excision is inadequate in terms of formulating generalized 
conclusions about the overall response of all lesions to treatment (13-15). It is 
essential that each lesion be evaluated as its own entity, realizing that each is 
composed of different clones of tumor cells, with each expressing variable 
amounts of the target MAA. It is only through the separate and thorough evalua¬ 
tion of each melanoma lesion that we can expect to understand the complex inter¬ 
actions that are occurring within the tumor microenvironment. 

8. In terms of those patients currently enrolled in peptide-based vaccinations, FNAB 
has evolved into an efficient method of sequentially analyzing all metastatic nod¬ 
ules from a single patient. In one of the largest analyses of multiple synchronous 
melanoma samples all obtained by FNAB, there appears to be a marked hetero¬ 
geneity in the expression of the MAA, gplOO, and MART-1. An in-depth analy¬ 
sis of more than 500 melanoma lesions has revealed that MAA expression of 
tumors treated with peptide-based immunotherapy is owing, in part, to a process 
of immunoselection (16). Such selection may be the specific result of the immune 
pressure placed on the tumor cells as a direct result of peptide-based vaccination. 
This is most likely owing to the result of antigen-specific cytotoxic T-cells 
destroying those tumor cells that are expressing the appropriate MAA in an HLA- 
restricted fashion. However, because of the heterogeneity of MAA expression of 
melanoma cells, a small percentage of cells that have never expressed the target 
MAA will remain. 
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9. Jager et al. (17) demonstrated an inverse relationship of MAA expression in 
lesions and cytotoxic T-cell responses in response to repeated intradermal vacci¬ 
nation with peptides derived from the MART-1 and tyrosinase antigens. In 
all cases investigated, there was no detectable CTL response against these pep¬ 
tides when the respective tumor expressed the corresponding antigen. By con¬ 
trast, there were frequent antigen-specific CTL responses in those patients whose 
tumors did not express the antigen. Thus, the expression of MAA seemed to be 
associated with the lack of antigen-directed CTL responses in vivo, suggesting 
that CTL responses against MAA may mediate regression of antigen-positive 
tumors, resulting in the immunoselection of melanoma lesions negative for the 
expression of MAA. 

10. An important aspect of treating patients with immunotherapeutic vaccines is the 
selection of patients for therapy based on the MAA expression in tumor nodules. 
Currently, such a strict criterion is not formally utilized in choosing those patients 
who possess the highest levels of expression of the target MAA. Despite our 
current understanding of the importance of the high expression of MAA by tumor 
cells, patients are not denied enrollment in peptide-based vaccination trials even 
if the MAA expression of their tumor is minimal or completely negative. lager 
et al. (18) propose that patients be selected for therapy with antigen-specific 
immunotherapy according to antigen expression as assessed by immunohis- 
tochemistry staining rather than by mRNA, thus providing valuable information 
about cellular antigen localization, heterogeneity and intensity of antigen stain¬ 
ing, and overall percentage of cellular MAA positivity. Future studies will indeed 
call attention to the fact that MAA expression by tumor cells is essential for a 
clinical response to peptide-based immunotherapy, obviating the importance of 
screening melanoma patients for MAA expression prior to such treatment. 

11. Caution should be applied in utilizing vaccines designed only to elicit a CTL 
response exclusively against gplOO positive tumor nodules because most, if not 
all, melanoma tumors are extremely heterogeneous in their expression of gplOO. 
It is the homogeneity of MAA expression that seems to play a critical role in the 
proper recognition and lysis of tumor cells by specific TIL populations, possibly 
preventing the development of antigen-loss variants in vivo. 

12. One must keep in mind that a selection bias occurs whenever a population of 
tumor cells is placed in vitro for further expansion and characterization. Many 
consider a freshly prepared tumor cell digest as being a superior representation of 
the in vivo situation, but success rates with such methods remain poor, often 
struggling to overcome the incessant problem of fibroblast overgrowth. FNAB is 
a fast and extremely efficient method, allowing for the analysis of all aspects of 
tumor cell activity. Obtaining a pure melanoma culture from tumor cell digests of 
excised specimens remains a formidable task, often resulting in contaminating 
fibroblasts and other cells infiltrating the tumor microenvironment. 

13. The added complexity of patient heterogeneity also needs to be taken into 
account when analyzing tumor escape mechanisms. Patients who exhibit lower 
precursor frequencies toward a particular HLA/MAA combination could exert 
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decreased immunologic pressure toward that combination, and, therefore, detec¬ 
tion of a specific escape mechanism may prove to be much more difficult to 
document. It is also possible that the level of immune competence of a patient 
toward a particular MAA/HLA allele is a reflection of the level of epitope avail¬ 
ability in that patient. This could have extremely important implications in 
the selection of patients for a particular treatment protocol. We have recently 
noted a strong correlation between the expression of gplOO and the response of 
H LA-A A) 201 melanoma patients treated with a gplOO-specific peptide vaccina¬ 
tion (2). Only patients exhibiting high levels of gplOO expression, as analyzed by 
immunohistochemistry for gplOO from cytospins, were found to respond to the 
vaccine. 
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A Molecular Technique Useful in the Detection 
of Occult Metastases in Patients with Melanoma 

RT-PCR Analysis of Sentinel Lymph Nodes 
and Peripheral Blood 

James S. Goydos and Douglas S. Reintgen 


1. Introduction 

When cutaneous melanoma is confined to the skin, simple excision with 
adequate margins will usually cure the patient (1,2). Local recurrences do 
occur but reexcision still results in a very high cure rate. When cutaneous mela¬ 
noma spreads beyond the primary site, the metastases are predominantly by 
way of the lymphatics. If in-transit disease or regional lymph node involve¬ 
ment is present, the 5-yr survival rate drops to approx 60% (1-3). Accurate 
staging of the locoregional lymphatic basin is thus extremely important. Pre¬ 
operative lymphoscintigraphy followed by selective lymphadenectomy has 
revolutionized the staging of cutaneous melanoma by delivering to the patholo¬ 
gist only those nodes that are most likely to contain metastatic cells (4). A 
close examination of these sentinel lymph nodes (SLNs) by serial sectioning 
and immunohistochemical staining can detect very minute quantities of mela¬ 
noma. This type of detailed examination is impossible in standard lym¬ 
phadenectomy specimens that can contain 20-40 lymph nodes. The standard 
technique used to examine large numbers of lymph nodes is to examine only 
1-5% of each node using hematoxylin and eosin staining. This can obviously 
miss micrometastatic disease and understage the patient. 

Multiple prospective studies have validated the concept and utility of selec¬ 
tive lymphadenectomy and the World Health Organization Melanoma Com¬ 
mittee has declared it to be a standard of care for nodal staging of melanoma 


From: Methods in Molecular Medicine, Vol. 61: Melanoma: Methods and Protocols 
Edited by: B. J. Nickoloff © Humana Press Inc., Totowa, NJ 


301 



302 


Goydos and Reintgen 


(5-9). However, serial sectioning and immunohistochemical staining of even a 
few SLNs is still time-consuming and expensive. Furthermore, optical resolu¬ 
tion and the experience and patience of the dermatopatholgist limit light 
microscopy. Patients with histologically negative SLNs still have an unaccept¬ 
ably high rate of recurrence, ranging from 10 to 15% (10.11). A method is 
needed to examine SLNs and detect microscopic and “submicroscopic” dis¬ 
ease that is cost-effective and highly sensitive and specific. 

Another instance in which detection of subclinical disease would be useful 
is the detection of circulating tumor cells in peripheral blood. Clinical studies 
have shown that tumor cells can be detected in the peripheral blood and bone 
marrow of patients with no clinical evidence of disease (12). A rapid and highly 
sensitive and specific detection system that could detect low volumes of circu¬ 
lating tumor cells would be useful for staging and prognosis. Patients could be 
monitored with simple blood tests instead of the expensive, time-consuming, 
and often uncomfortable methods that are now employed for surveillance, such 
as computed tomography scans. Patients could also be stratified into different 
risk groups, which would make the clinical trials more uniform and interpretable. 

Reverse transcriptase polymerase chain reaction (RT-PCR) is a technique 
that may be able to detect clinically occult metastatic disease (11,13,14). This 
technique is based on the fact that even though every nucleated cell in an 
organism contains a complete copy of genomic DNA, each type of cell tran¬ 
scribes only certain genes. If one could identify a unique protein produced by 
the target cell, one could search for the messenger RNA (mRNA) coding for 
that protein. If this unique mRNA is present in the tissue sample, the cell pro¬ 
ducing this marker protein must also be present. The reason to search for the 
mRNA instead of the actual protein is that proteins are relatively stable and 
could travel to the target tissue whereas mRNA is rapidly degraded and only 
transiently present in its cell of origin (15). Recent studies have shown that 
marker mRNAs can be detected in SLNs and peripheral blood in patients with 
melanoma (11,13,14,16,17). Furthermore, a recent study by Shivers et al. (10) 
suggests that the detection of melanocyte-specific mRNA in SLNs may be 
clinically significant. 

Marker proteins must have certain characteristics if they are to be employed 
in RT-PCR studies. The protein would ideally be specific for the cell type of 
interest. However, few tumor-specific proteins are known, and most marker 
proteins are specific for the tumor’s cell of origin. An example would be tyro¬ 
sinase, the first enzyme in the melanin synthesis pathway, which is present in 
normal melanocytes as well as most melanomas. Because lymphocytes do not 
normally produce melanin, tyrosinase should not be present in a normal lymph 
node. If tyrosinase mRNA is detected in a sample of SLNs from a patient with 
melanoma, then we assume that melanoma cells (or normal melanocytes [18]) 
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are present in that lymph node. The second requirement for a marker protein is 
that the gene sequence must be known. Tyrosinase also fulfills this require¬ 
ment because its DNA sequence is well studied. Finally, the protein must not 
be too long or too short because this could make analysis and primer selection 
difficult. Tyrosinase is a medium-sized protein with unique regions that fulfills 
the aforementioned requirements. 

Once the marker protein is chosen, five steps are necessary to run an 
RT-PCR analysis. First, the tissue must be harvested and preserved to inacti¬ 
vate RNases that would rapidly degrade the mRNA. Second, the mRNA must 
be extracted from the tissue and first-strand cDNA produced using the enzyme 
RT. cDNA is the preferred molecule to examine because it is much more stable 
than mRNA. Third, the cDNA sequence of the protein must be examined and 
PCR primers chosen. Fourth, the cDNA must be combined with the preselected 
primers and PCR then performed using DNA polymerase and a thermocycler. 
Fifth, the cDNA PCR product must be examined to detect the marker. Many 
different techniques have been proposed to carry out each of these steps; we 
outline one method herein. 

2. Materials 

2.1. Harvest and Preservation of Tissue 

1. Liquid nitrogen in an appropriate container for transport (Thermo-Flask; Lab¬ 
line, Melrose Park, IL). 

2. Freezer (-80°C) for storage of specimens. 

2.2. Harvest and Preparation of Peripheral Blood 

1. Ficoll (LSM; Organon Teknika, Durham, NC). 

2. Blood collection tubes with EDTA. 

3. Freezer (-80°C) for storage of specimens. 

2.3. Extraction of Total RNA 

1. Trizol Reagent (Life Technologies, Grand Island, NY) (store at -20°C). 

2. Chloroform (no additives) (store at room temperature). 

3. Isopropyl alcohol (store at room temperature). 

4. 75% Ethanol (RNase free) (store at room temperature). 

5. RNase-free water or 0.5% sodium dodecyl sulfate (SDS) solution (store at room 
temperature). 

2.4. First Strand cDNA Synthesis 

1. First-strand cDNA synthesis kit (Life Technologies) (store kit at -20°C). 

2. Oligo(dT) (0.5pg/pL). 

3. 10X PCR buffer: 200 m M Tris-HCl (pH 8.4), 500 m M KC1. 
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4 . 25mMMgCl 2 . 

5. 0.1 M Dithiothreitol (DTT). 

6. 10 m M dNTP mix (10 m M each of dATP, dCTP, dGTP, and dTTP). 

7. Reverse transcriptase (200 U/pL). 

8. RNase H (2 U/pL). 

9. Diethylpyrocarbonate (DEPC)-treated water. 

2.5. Polymerase Chain Reaction 

1. PCR Super Mix (Life Technologies) (store at -20°C). 

2. Specific forward and reverse primers (store at -20°C). 

3. Licensed thermocycler. 

4. Thin-walled reaction tubes that fit the thermocycler. 

2.6. Gel Electrophoresis 

1. Agarose (Ultra Pure; Gibco-BRL) (stored as a powder at room temperature until 
mixed). 

2. TBE buffer (Gibco-BRL) (store at 15-30°C). 

3. Horizontal gel electrophoresis apparatus. 

4. Ethidium bromide. 

5. Ultraviolet (UV) transillumination apparatus. 

6. DNA ladder (100 bp) (store at -20°C). 

3. Methods 

An example for the processing of lymph nodes and peripheral blood to detect 
the enzyme tyrosinase is illustrated. This technique will work equally well with 
other markers when used with the proper primers and PCR reaction tempera¬ 
tures appropriate for the primers. 

3.1. Harvesting and Preservation of Tissue and Peripheral Blood 

Because RNases are ubiquitous, it is important to preserve tissues quickly to 
limit mRNA degradation. Transient mRNAs can be destroyed within a few 
minutes of harvesting, and, therefore, rapid excision and immediate preserva¬ 
tion in the operating room is necessary (10,11,13,14). When preserving SLNs, 
excise the node, immediately transport the node to the back table in the operat¬ 
ing room, bivalve the node, and place one quarter to one half in a sterile plastic 
container. Immediately place this container in liquid nitrogen, which halts 
enzymatic degradation. Transport the specimens to the laboratory and store at 
-80°C until processed. In this way, specimens are snap-frozen in less then 
5 min after excision. If specimens are not to be processed within a few days, 
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transfer them to a liquid nitrogen storage tank for long-term banking ( see Notes 1 
and 2). Collect peripheral blood in a sterile glass tube containing EDTA. Sepa¬ 
rate the blood on a Ficoll gradient by placing 8 mL of room temperature Ficoll 
in a 50-mF centrifuge tube and layering 10 cc of whole blood with EDTA, 
mixed 1:2 with warm phosphate-buffered saline (PBS), on top of the Ficoll. 
Care should be taken not to mix the blood and Ficoll at the interface. Centri¬ 
fuge the preparation at room temperature for 10 min at 405g and remove the 
layer on top of the Ficoll and wash twice with PBS. The cell pellet can then be 
stored at -80°C until RNA extraction (17,19). 

3.2. Extraction of Total RNA from Nodal Tissue 

Total RNA is extracted from lymph node samples using a modification of 
the method first described by Chomczynski and Sacchi (20) using a monopha- 
sic solution of phenol and guanidine isothiocyanate (Trizol reagent) ( see Notes 3 
and 4). The RNA extraction protocol is as follows: 

1. Homogenize the sample: Place 100-200 mg of lymph node tissue in 2 mL of 
Trizol reagent in a 15-mL centrifuge tube and grind using a Teflon rod. The fro¬ 
zen tissue thaws rapidly, so it is important to homogenize the tissue quickly. The 
Trizol reagent has anti-RNase activity. 

2. Separation of phases: Incubate the 15-mL tube at room temperature (15-30°C) 
for 5 min after homogenization and then add 0.5 mL of chloroform (0.25 mL/mL 
of Trizol used). Cap the tube tightly and shake vigorously by hand for 15-20 s 
and then let sit at room temperature for 2 to 3 min. Centrifuge the sample at 
12,000g for 15 min at 2-8°C. This will separate the sample into a lower phenol- 
chloroform phase containing DNA and protein, an interphase, and an upper aque¬ 
ous phase containing the RNA. The aqueous phase should be about 1 mL in 
volume. Pipet 0.8-1 mL of the aqueous phase into a 2-mL centrifuge tube, avoid¬ 
ing contamination by the interphase. 

3. Precipitation of RNA: The RNA can now be precipitated from the aqueous phase 
by adding isopropyl alcohol. Add approx 0.8-1 mL of isopropyl alcohol to the 
tube and incubate the sample at room temperature for 10-15 min. Next, centri¬ 
fuge the sample at 12,000g for 10 min at 2-8°C; the RNA should form a pellet on 
the bottom of the tube. Discard the supernatant and wash the RNA pellet once in 
1.8 mL of 75% ethanol. Dissolve the pellet by vortexing and then centrifuge at 
7500g for 5 min at 2-8°C. 

4. Prepare the RNA for reverse transcription: Discard the supernatant and air-dry 
the RNA pellet for 5-10 min. Do not let the pellet completely dry out or redis¬ 
solving the RNA will be difficult. Dissolve the RNA in RNase-free water or a 
0.5% SDS solution by gentle pipeting and incubation at 55°C for 5-10 min. The 
RNA is now ready for first-strand DNA synthesis. 


306 


Goydos and Reintgen 


3.3. Extraction of Total RNA from Peripheral Blood 

The extraction of total RNA from peripheral blood is the same as for nodal 
tissue except the homogenization step is simpler. Pipeting the cell pellet in 
1 mL of the Trizol reagent for every 10 1 2 3 4 5 6 7 cells in the pellet will homogenize the 
cells and ready them for phase separation. 

3.4. First-Strand cDNA Synthesis 

mRNA is converted into a cDNA copy before performing PCR to amplify 
the marker. One strand of the cDNA is first synthesized by priming the RNA 
with an oligonucleotide and then using the enzyme RT to produce cDNA. Total 
RNA has been extracted from the lymph node cells and peripheral blood but 
only the mRNA, which makes up about 1-2% of total RNA, is of interest. To 
produce cDNA from total mRNA, one can exploit the fact that the vast major¬ 
ity of eukaryotic RNAs contain a 3' poly(A) tail. An oligo(dT) primer is used 
to bind to this poly(A) tail and selectively convert the mRNA to cDNA. Once 
the first-strand cDNA has been produced, treat the mixture with RNase to elimi¬ 
nate residual RNA that can interfere with the PCR reaction. Because very small 
volumes of the reagents are required for each synthesis reaction, it is best to 
prepare master mixes containing enough of the reagents to perform several 
reactions. The incubations are best carried out in water baths preheated to 70, 
42, and 37°C (see Note 5). 

1. Determine the concentration of the isolated mRNA spectrophotometrically by 
absorption at 260 and 280 nm. 

2. Add 1-5 pg of the total RNA (approx 1 pL) and 1 pL of oligo(dT) (0.5 pg/pL) 
solution to a sterile 1.5-mL tube. Incubate at 70°C for 10 min and then place on 
ice for 1 min. 

3. Make a master mix of the reaction components added in the following order: In a 
1.5-mL sterile tube combine 8 pL of the 10X PCR buffer, 8 pL of 25 mMMgCl 2 , 
4 pL of the 10 m M dNTP mix, and 8 pL of the 0.1 M DTT. This will make 
enough reaction mix for four reactions. Larger amounts of reaction mix can be 
made and stored at +4°C for short periods. 

4. Place 7 pL of the master reaction mix into the tube containing the RNA/oligo(dT) 
mixture and gently mix. Collect the mixture in the bottom of the tube by gentle 
centrifugation for a few seconds and then incubate for 5 min at 42°C. 

5. Add 1 pL (200 U) of the RT to the tube, mix gently, recollect at the bottom of the 
tube by gentle centrifugation for a few seconds, and then incubate at 42°C for 50 min. 

6. Terminate the RT reaction by incubating at 70°C for 15 min and then chilling the 
specimen on ice for 5 min. 

7. A mixture of RNA and cDNA is now present in the tube. Destroy the RNA 
because it will interfere with the PCR reaction. Recollect the specimen at the 
bottom of the tube by gentle centrifugation for a few seconds, and then add 1 pL 
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Genomic DNA Sequence 

5' 


Exon 1 

3' 


intron 


Exon 2 


intron 


3' 

Exon 3 


5' 


cDNA Sequence 

Primary sense primer Nested sense primer 


Nested antisense primer Primary antisense primer 

Fig. 1. Genomic DNA is made up of exons and introns. The introns are spliced out 
of the mRNA message and therefore the cDNA ends up with no introns. First-strand 
cDNA synthesis produces antisense cDNA, which reacts with the sense primers to 
produce the sense cDNA sequence. The antisense primers then react with the newly 
produced sense cDNA sequence and produce a new antisense cDNA. This produces 
very large amounts of cDNA specific for the primers used. Nested primers are used to 
amplify a smaller segment cDNA by reacting with cDNA produced in the primary 
PCR reaction. Because both sense and antisense cDNA strands are present in the pri¬ 
mary PCR product, less cDNA is needed in the nested reaction. Note that the primary 
primers are on different exons. This would result in a much larger DNA product if 
contaminating genomic DNA was used as the template. The nested primers cross 
between exons and would probably not bind to genomic DNA 



of RNase H to the tube and incubate at 37°C for 20 min. The cDNA is now ready 
for PCR amplification or it can be stored at -20°C. 

3.5. Selection and Production of Primers (see Note 6^ 

The cDNA sequences of tyrosinase and many other proteins are available 
from several sources, including Genbank, Genetic Sequence Database, which 
can be found at <www.ncbi.nlm.nih.gov/Genbank/GenBankOverview.html.> 
To amplify the specific marker cDNA of interest, primers that have certain 
characteristics must be produced (Fig. 1). 
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Choose primers that will give a PCR product between 200 and 2000 bp in 
length. Primers and primer artifacts will obscure shorter products during gel 
electrophoresis, and longer products are less efficiently amplified because 
the polymerase tends to fall off the template during long extensions. To 
decrease the possibility of the primers amplifying contaminating genomic 
DNA, choose primers that span an intron. One should attempt to choose prim¬ 
ers that are located on separate exons so that the genomic DNA amplification 
product will be larger than the cDNA product. Avoid primers that may form 
secondary structures because this could greatly impede the PCR reaction. An 
algorithm is available to determine when a primer may have the propensity to 
form secondary structures (21). Try to avoid complementary 3' ends in the two 
primers because this can lead to the formation of primer dimers. If possible, 
choose primers that have annealing temperatures of about 55-65°C. Nested 
primers increase the sensitivity and specificity of the reaction. Nested primers 
amplify a region of the cDNA that lies between your first set of primers (Fig. 1). 
Nested primers are used in a second PCR reaction that utilizes the product of 
the first reaction as the cDNA substrate. 

Computer programs are now available to choose the optimal primers for a 
given cDNA. Many universities also maintain Web sites that will obtain the 
cDNA sequence from GenBank for you and pick primers based on your 
requirements. Once the primers have been chosen, they will need to be synthe¬ 
sized for you. Commercial firms are available that will synthesize the primers 
to your specifications and many universities maintain DNA synthesis core 
facilities (13). 

3.6. Polymerase Chain Reaction (see Notes 7, 8, and 9) 

PCR is carried out using a thermostable DNA polymerase, such as Taq poly¬ 
merase, using a thermocycle apparatus that cycles the reaction temperature 
among primer annealing temperature, primer extension temperature, and dena- 
turation or melting temperature. The optimum temperatures for the three steps 
in the cycle depend on the primers you choose and the length of the cDNA. The 
temperatures in our example are optimized for the tyrosinase primers used in 
the example (Fig. 2). To verify the integrity of the mRNA isolated from the 
specimen, an ubiquitous housekeeping gene is also amplified from each cDNA 
sample. (1-Act in is the most commonly used housekeeping gene, and primers 
to amplify (3-actin are easily obtainable from commercial sources or the 
sequence of appropriate primers is available in GenBank as well as in the lit¬ 
erature (22). If the cDNA sample is negative for (3-actin, it is considered to be 
unreliable and should not be used. 

1. Use thin-walled reaction tubes for the PCR reaction. The tubes you use will par¬ 
tially determine the profile of the cycling. We use 0.2-mL, thin-walled, RNase- 
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Tyrosinase Primers 

Human tyrosinase PCR primer HTYR1 (primary sense): ttggcagatt gtctgtagcc 

Human tyrosinase PCR primer HTYR2 (primary antisense): aggcattgtg catgctgctt 

Human tyrosinase PCR primer HTYR3 (nested sense): gtctttatgc aatggaacgc 

Hu man tyrosinase PCR primer HTYR4 (nested antisense): gctatcccag taagtggact 

Fig. 2. Genbank copy of the human tyrosinase PCR primers known as HTYR1-4. 
Human tyrosinase PCR primers: HTYR1 (primary sense), ttggcagatt gtctgtagcc; 
HTYR2 (primary antisense), aggcattgtg catgctgctt; HTYR3 (nested sense), gtctttatgc 
aatggaacgc; HTYR4 (nested antisense), gctatcccag taagtggact. 


and DNase-free, polypropylene dome-topped tubes that work with the heated lid 
of our thermocycler (Labscientific, Livingston, NJ). 

2. Place the reaction tubes on ice and add the individual components using aerosol- 
resistant barrier pipet tips. A separate area should be set aside in the laboratory 
for setting up the reaction because cross-contamination with environmental DNA 
can be a problem. 

3. A premixed PCR reaction mix that contains 22 m M Tris-HCl (pH 8.4), 55 m M 
KC1, 1.65 m M MgCl 2 , 220 pM dGTP, 220 pM dATP, 220 p M dCTP, 220 pM 
dTTP, 22 U of recombinant Tciq DNA polymerase, and stabilizers can be used 
(PCR SuperMix; Life Technologies). Add 45 pL of this mix to each reaction 
tube. 

4. Add 0.5 pL of each primer (200 nM concentration) and 4 pL of the cDNA solu¬ 
tion to each tube. The thermocycler should be prewarmed to approx 80°C. Cap 
the reaction tubes and place in the thermocycler. 

5. Start the cycling program: An initial denaturation step of 95°C for 2 to 3 min is 
followed by the first cycle of denaturation at 94°C for 30 s, primer annealing at 
56°C for 30 s, and primer extension at 72°C for 60 s. 

6. Repeat the cycle 35 times. Use a final extension step of 72°C for 5-15 min at the 
end of the run to promote completion of partial extension products and annealing 
of single-stranded complementary products. 

7. Remove the reaction tubes and place on ice for a few minutes before opening the 
tubes to avoid aerosolization. Centrifuge the tubes for a few seconds to collect 
the mixture and store the tubes at +4°C until they are analyzed. 

8. Now run the nested PCR using the same reagents in Subheadings 3.6.3. and 3.6.4. 
except use 2 pL of the cDNA from the first PCR reaction instead of the primary 
cDNA. The denaturation and primer extension temperatures and times are the 
same as for the first reaction. The annealing temperature is determined by your 
choice of nested primers. The same annealing temperature and time for both the 
first and the nested reactions is often appropriate (56°C for 30 s in this example). 
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3.7. Gel Electrophoresis (see Notes 10,11, and 12) 

The samples and a 100-bp DNA ladder (used to determine the size of the 
bands) can now be run on a 2% agarose gel containing ethidium bromide. The 
agarose gel is produced by mixing agarose power in TBE buffer and heating 
(in a microwave oven or hot plate) to dissolve the agarose. As the agarose 
solution cools it forms a gel. The cooling agarose is placed in a mold to pro¬ 
duce a horizontal gel of the correct thickness (about 1 cm thick) and the cDNA 
is run on the gel to separate the bands. One to two microliters of ethidium 
bromide (10 mg/mL) can be placed directly in the gel before it cools, or the gel 
can be stained after the cDNA has been run. The bands are detected using UV 
transillumination and photographed using a digital camera, video unit, or a 
Polaroid camera (Fig. 3). In most applications, this method is sufficient to 
detect the cDNA marker product from your PCR reaction and the nested PCR 
product (10,17,23). If bands of the correct size for your primary and nested 
PCR products are present, and the (Tactin housekeeping band is also present, 
you can assume that you have the correct cDNA and that the marker is present 
in your tissue. If the (i-actin band is present but the primary and nested bands 
are missing, you can assume that the marker is not present in your sample. If 
the primary PCR product band is present but the nested marker is absent, you 
may have amplified an unrelated cDNA or contaminating genomic DNA. If 
the (3-actin band is not present, you cannot rely on the quality of the extracted 
mRNA even if a band does show up in the marker or nested PCR product lanes 
(10,13,17,22,23), See Notes 13, 14, and 15 for same thoughts on the clinical 
utility of this RT-PCR analysis. 

4. Notes 

1. The use of liquid nitrogen for tissue preservation is an easy and rapid method that 
stops RNase reactions and allows delayed transport to the laboratory while the 
operation is in progress. However, not all facilities have ready access to liquid 
nitrogen stores and the personal needed to maintain them. An alternative method 
of lymph node preservation is the use of dry-ice slurries. Dry ice is often easily 
obtainable from the pathology department and the addition of 70% ethanol to the 
dry ice makes for an acceptable freezing medium. The specimen is transported 
immediately to the back table in the operating room and bivalved as before. The 
portion to be used for RT-PCR is placed in a plastic container and then sub¬ 
merged in the dry ice/ethanol slurry. This will rapidly drop the temperature of the 
specimen to -20 to -30°C, and it can then be transferred to the laboratory. Prob¬ 
lems with this technique are that the freezing temperature is less than ideal and 
that the mixture is flammable. This limits the time the specimen can sit before 
transfer and increases the risk that the mRNA will be degraded. Another alterna¬ 
tive method for preserving the lymph node tissue is the immediate immersion of 
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Fig. 3. An ethidium bromide-stained gel electrophoresis of the PCR products from 
lymph node and cell line mRNA using nested tyrosinase primers and a DNA ladder 
(M). The nested primers should produce a product with a band at 207 bp. Lane 2, 
breast cancer cell line; lane 3, colon cancer cell line; lane 4, normal lymph node; lanes 
5 and 6, histologically positive SLNs from patient with melanoma; lanes 7 and 8, 
histologically negative SLNs from patient with melanoma; lane 9, melanoma cell line. 
Lane 1 is blank. 


the tissue in the Trizol solution, in the operating room, and immediate process¬ 
ing. This technique decreases the possibility that the mRNA will be degraded but 
requires that a toxic substance be transported to and from the operating room as well 
as someone to be available for the transport and immediate processing of the tissue. 

2. Another potential problem with the harvesting and preservation of the tissue is 
that excess fat and connective tissue may interfere with the extraction of the nodal 
RNA. We believe that it is important that all excess fat and surrounding tissue be 
carefully dissected away from the nodal tissue in the operating room prior to 
preservation. This can be distracting and time-consuming and is often neglected 
in the midst of an ongoing operation. However, with practice the lymph node 
tissue in the operating room can be processed expediently and will yield better 
results. 

3. When working with RNA and DNA, several environmental issues need to be 
addressed. RNases and DNases are ubiquitous—they are present on your hands, 
on the bench top, on glassware and plasticware, and just about any other surface 
in your laboratory. It is very easy to inadvertently introduce these enzymes into 
your reactions, with often devastating results. In addition, DNA can contaminate 
your specimens and reaction mixtures and lead to erroneous results. Several pre- 
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cautions and environmental isolation techniques are necessary in any laboratory 
that intends to perform RT-PCR (11,15): 

a. Physical isolation of the separate parts of the process should be a routine pro¬ 
cedure and can not be overemphasized. The tissue processing should be car¬ 
ried out as far away as possible from the area designated for reverse 
transcription and PCR reactions. Gel electrophoresis should be done in a third 
location using dedicated equipment. 

b. All glassware should be processed to ensure freedom from RNases and 
DNases and plasticware should be certified RNase and DNase free. This 
includes pipet tips, tubes, and storage containers. 

c. Dedicated pipets, water baths, and benchtop areas should be used when pos¬ 
sible. Alternatively, these instruments and areas can be cleaned with reagents 
that destroy RNases and DNases. 

d. If erroneous or uninterpretable results are obtained during the RT-PCR pro¬ 
cess, the first thing that should be done is to search for a breach in these 
environmental rules. A pipet that was borrowed by a colleague or a contami¬ 
nated work space is often the culprit. 

4. The method that we describe to extract total RNA from lymph nodes and blood 
utilizes a common technique first described by Chomczynski and Sacchi (20). 
The Trizol method works well because the tissue is liquified in the same tube as 
the separation of the RNA from the other cellular elements. The mixture has 
strong anti-RNase activity, and, thus, the frozen tissue is thawed in an environ¬ 
ment that preserves the RNA. However, the Trizol reagent is extremely toxic and 
must be handled carefully. The manual grinding of the tissue can produce splash¬ 
ing and contamination and needs to be performed in a chemical hood. An alterna¬ 
tive method of extracting the RNA from the tissue is to use a closed system that 
utilizes the same extraction schema. We have found that the FastRNA-Green Kit 
in conjunction with the FastPrep Tissue lysis apparatus (BIO 101, Vista, CA) 
extracts RNA as efficiently as the Trizol reagent but without the added danger of 
handling the reagents during processing. With this kit you place a chaotropic 
RNA stabilizing agent, a phenol acid reagent, and chloroform isoamyl alcohol in 
a tube containing a matrix material that is used to grind the tissue. The frozen 
specimen is then placed in the tube and the tube is placed in an apparatus that 
agitates the tube. The tissue is lysed within 20-40 s and the heat of the reaction 
further denatures contaminating RNases. The total RNA is then extracted from 
the mixture in a similar fashion as in the Trizol reaction. We have found that this 
is an excellent method to extract RNA from tissues, especially when multiple 
samples need to be processed at once. Drawbacks include the need to purchase 
the FastPrep machine and the need to transfer the material from tube to tube 
during processing, which can add pipeting errors and contamination risks to the 
procedure (24). 

5. First-strand cDNA synthesis is one of the least demanding portions of the 
RT-PCR process but is also the part that can lead to the most problems. First, the 
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mRNA is very susceptible to degradation by contaminating RNases and precau¬ 
tions must be taken to minimize this risk (see Note 3). Second, mRNA transcripts 
that contain a high GC content can have secondary structures that limit the reverse 
transcription process. To avoid secondary mRNA structure, you may need to increase 
the reaction temperatures and avoid cooling the mixture until the cDNA is tran¬ 
scribed. Using the First-Strand Synthesis Kit, you can change the reaction as follows: 

a. Transfer the RNA/oligo(dT) mixture from the initial 70°C water bath to a 
50°C water bath instead of cooling on ice. 

b. Prewarm the reaction mix to 42°C before adding it to the RNA/primer mix 
(which is at 50°C). The components of the reaction mix are increased in vol¬ 
ume and DEPC-treated water is added to increase the volume of the reaction. 
Use 30 pL of DEPC-treated water, 30 pL of 10X PCR buffer, 30 pL of 
25 m M MgCl 2 , 10 pL of 10 m M dNTP mix, and 30 pL of 0.1 M DTT. Add 
25 pL of this mix to the RNA/oligo(dT) mixture. 

c. The RT reaction will now take place at 50°C for 50 min. 

Third, if you detect the possible contamination of the cDNA with genomic 
DNA, you need to treat the mRNA with DNase prior to the RT reaction. To do 
this you need an amplification grade DNase I (available from Gibco-BRL) or you 
need to use an RNase inhibitor because some DNases also degrade RNA. For 1 to 
2 pg of total RNA, use 1 pL of a 10X reaction buffer (200 mMTris-HCl [pH 8.4], 
500 mM KC1, and 20 m M MgCl 2 ), 1 pL of DNase, and 10 pL of DEPC-treated 
water. Incubate at room temperature for 15 min. Add 1 pL of 25 m M EDTA and 
then terminate the reaction at 65 °C for 15 min. Chill on ice for 1 min and then 
proceed with the RT reaction. 

6. As stated in the Subheading 3., you can obtain the cDNA sequence of the marker 
protein of interest and produce primers using one of a number of computer pro¬ 
grams. However, even though the primers look good on paper, this does not mean 
that they will work well in your application. If the primers you choose do not 
work as well as planned, you may need to start from scratch and redesign the 
primers. If the marker you are interested in is unique, and has never before been 
used in RT-PCR reactions, then this is the best process to follow to obtain the 
best primers. However, if the marker protein has been amplified previously with 
primers that have worked well, it is always easier and more cost-effective to use 
these same primers in your reactions. The primer sequences that amplify cDNA 
from a number of common marker proteins including tyrosinase, MART-1, and 
gplOO are available in the literature and some are even available from GenBank. 
The tyrosinase primers that we describe in Subheading 3. have been published 
previously (19). We found that a slightly different PCR cycle worked best for 
these primers in our particular thermocycler. This is often the case, and experi¬ 
mentation with even well-characterized primers is usually necessary. 

7. We like to use a premixed combination of components for our PCR reaction 
because this saves time and eliminates pipeting errors and the chance of contami¬ 
nation. The components in the mixture include the Taq polymerase, the dNTPs, 
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and the magnesium-containing reaction buffer. An alternative to the use of this 
PCR mix is to use separate components added one at a time. The advantages of 
the separate component method is that you have more flexibility in the composi¬ 
tion of your mix. You can use a different polymerase, such as Vent or Pwo poly¬ 
merase, either of which may work better in your PCR reaction. You also have 
more flexibility in the amount of magnesium you add, which is an important 
component of the mixture. If you have too much primer and cDNA template in 
your mixture, you may deplete the magnesium, which could lead to low yields. 

8. Two other problems that plague some PCR reactions are evaporation of the reac¬ 
tion mix owing to the high temperatures and uneven heating of the reaction tubes. 
We use a thermocycler with a heated top and also use domed reaction tubes. This 
decreases the possibility of either of these two problems occurring. If you have 
an older thermocycler, you may need to add a layer of mineral or silicone oil to 
the top of the contents of the tubes to decrease evaporation. Some thermocyclers 
also require the use of oil around the tubes to heat the reaction mix evenly. How¬ 
ever, this is rarely used today because the thin-walled tubes fit well in the 
thermocycler wells and heated tops also even out the heating cycle. 

9. What we have described in Subheading 3. is the traditional two-tube, two- 
enzyme method that first produces the cDNA from the mRNA and then uses a 
separate tube and enzyme to perform the PCR. There are advantages to this 
method: flexibility, because different conditions and enzymes can be used for the 
different steps; decreased cost, because only small amounts of the enzymes are 
needed; the ability to stop after the RT step and store the cDNA for long periods 
of time; the ease of troubleshooting, because the reactions are separated; and the 
long track record in the literature that this method enjoys. However, the two- 
tube, two-enzyme method is time-consuming and multiple tubes and pipet steps 
increase the likelihood that contamination will occur. In an attempt to minimize 
the possibility of contamination and to make the reactions easier to perform, sev¬ 
eral one-tube RT-PCR kits have been developed. Two main techniques have been 
described (23,25-27): 

a. The one-enzyme, one-tube technique utilizes the Tth DNA polymerase. This 
unique DNA polymerase has intrinsic RT activity and can be used for both 
the RT and the PCR portions of the reaction. The biggest advantage, beyond 
the use of fewer pipet steps and the use of only one tube, is that the RT reac¬ 
tion can be carried out at higher temperatures, which decreases problems with 
secondary structure formation by the mRNA (26). One disadvantage to this 
system is that the RT reaction requires the presence of manganese ions and 
the PCR reaction requires the presence of magnesium ions. This requires the 
opening of the tube for the addition of a different buffer prior to the PCR 
portion of the reaction. This problem has been partially alleviated by the de¬ 
velopment of buffers that can be used for both the RT and PCR portions of the 
reaction. Another problem is the limit Tth places on the length of the RT-PCR 
product; generally, Tth can produce only a 1-kb product, but further refine- 
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ments of the technique are also addressing this limitation. Finally, this is the most 
expensive method because a large amount of the Tth polymerase is needed, 
b. The second technique is the two-enzyme, one-tube reaction. This technique 
uses different enzymes for the RT and PCR portions of the reaction. It also 
uses RT and one or sometimes multiple DNA polymerases in a reaction buffer 
optimized for both types of enzyme. Advantages include amplification of 
longer products and the ability to use DNA polymerases with lower error 
rates. Disadvantages include the use of lower temperatures for the RT portion 
of the reaction, which could lead to interference by mRNA with secondary 
structure (see Note 5), and the inability to store the cDNA for any period of 
time because of the possible degradation of the DNA polymerase during 
storage (27). 

A recent comparison of these three methods was reported by Sellner and Turbett 
(23). They found that the one-tube, two-enzyme method was the most sensitive, 
followed by the two-tube, two-enzyme method, and then the one-tube, one- 
enzyme method. We have successfully used the uncoupled two-tube, two- 
enzyme method and the one-tube, two-enzyme method and have found no 
difference in the sensitivity of these techniques. The one-tube methods are cer¬ 
tainly faster and less cumbersome but lack flexibility. If you are using a standard 
primer set to detect a marker in a large number of different specimens, we sug¬ 
gest that you try one of the one-tube methods. 

10. This is a straightforward method for isolating DNA fragments for identification. 
The only important things to remember during gel electrophoresis concern safety 
precautions and interpretation of the bands. Ethidium bromide is used to tag the 
DNA fragments in the gel by binding to the DNA and fluorescing under UV 
light. Ethidium bromide is toxic and should be handled with care. Gels should be 
discarded in the proper containers, and gloves should always be worn when work¬ 
ing with this substance. The determination of the size of the DNA fragments is 
done by comparing the location of the band on the gel to the standard DNA lad¬ 
der that is run on the same gel. Different running speeds of the bands can occur if 
the gel is not uniform in thickness and density. Letting the agarose cool to a 
temperature that allows you to handle the container with only latex gloves prior 
to pouring the gel will keep the gel from warping the gel apparatus and decrease 
inconsistencies in the density of the gel. Use a voltage that slowly separates the 
DNA fragments and a gel that is long enough to easily discern the different bands. 

11. When using nested primers, it is only really necessary to run the PCR product 
from the nested run. We usually run both the nested and primary PCR products to 
determine whether we are getting the proper results in both PCR steps as a qual¬ 
ity control device. If we detect a band of the correct size in the primary reaction 
but not in the nested reaction, we repeat the nested reaction and run a Southern 
blot on the primary band (see Note 12). 

12. To determine more accurately that you have amplified the correct marker cDNA 
and to detect very small amounts of the PCR products, it is often necessary to 
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employ a more sensitive and specific detection method than ethidium bromide- 
stained agarose gel electrophoresis. One method that can be used is Southern 
blotting. In this technique, an oligonucleotide probe is manufactured that can 
hybridize to the cDNA of interest. The cDNA is transferred by capillary action 
by blotting the agarose gel with a filter membrane made of nitrocellulose or nylon. 
UV crosslinking or baking fixes the cDNA to the membrane, and then labeled 
oligonucleotide probe is hybridized to the cDNA in the membrane. The probe is 
then detected by exposing X-ray film. The traditional method utilizes a radio- 
labeled oligonucleotide produced using a sample of the marker cDNA and spe¬ 
cific primers. The PCR reaction is carried out as before except a radiolabeled 
deoxynucleoside, such as tritiated thymidine, is used in the reaction. We gener¬ 
ally us a nonradioactive, chemiluminescent Southern blot technique that does not 
require the production of radioactive PCR products. The advantage of this 
method, aside from avoiding the use of radioactive compounds, is that the labeled 
oligonucleotide probe can be manufactured in large quantities and stored for long 
periods. We employ a method that adds digoxigenin-11-dUTP residues to the 
3' end of our oligonuclotide using the enzyme terminal transferase (3' Tailing 
Kit; Roche Molecular Biochemicals). Digoxigenin is a chemiluminescent com¬ 
pound that produces a light signal that can be detected on X-ray films using a 
detection kit. Use a 25- to 30-bp homologous DNA sequence, produced in the 
same way as the PCR primers, as the oligonucleotide probe. Examine the section 
of cDNA that you will be amplifying and pick an appropriate region that will be 
present in both the primary PCR product and the nested product. The oligonucle¬ 
otide can be produced by a university’s DNA synthesis facility or by a commer¬ 
cial facility. The use of Southern blotting adds an order of magnitude to the 
sensitivity and specificity of the detection of marker cDNA. Southern blotting 
should be used as an adjunct to ethidium bromide gel electrophoresis. 

13. The usefulness of RT-PCR analysis of peripheral blood and lymph node tissue 
for the detection of clinically significant metastatic cancer is being studied. 
Muhlbauer et al. (28) have shown that they can detect melanoma-inhibitory 
activity mRNA in the peripheral blood of melanoma patients. They found a cor¬ 
relation between positive samples and tumor burden in stage III and IV patients 
but concluded that melanoma-inhibitory activity RT-PCR was of little value as a 
surrogate marker for clinical staging or the detection of metastatic disease. 
Mellado et al. (29) reported that they could detect tyrosinase mRNA in peripheral 
blood and that a positive tyrosinase RT-PCR result correlated with a significantly 
shorter disease-free and overall survival in patients with stage III and IV disease. 
Keilholz (30) summarized the results of seven studies of RT-PCR detection of 
circulating melanoma cells. Although most of the studies were able to use 
RT-PCR analysis of the peripheral blood to detect circulating melanoma cells, 
some found a correlation with stage of disease (11,12,19,31,32), whereas others 
did not (33,34). He concluded that there was too wide a variation in the reported 
incidence of circulating cells in patients of similar stage and that quality control 
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standards need to be designed and implemented. It is probably too soon to know 
whether the detection of circulating melanoma cells by RT-PCR will be clini¬ 
cally useful, and larger trials, such as the ongoing Sunbelt Melanoma Trial, are 
needed to answer this important area of question (35). 

14. The clinical significance of the detection of melanoma markers in SLNs is also 
under study. Palpable lymph nodes often contain grossly visible melanoma 
metastases but SLNs are, by definition, nonpalpable and should contain much 
smaller amounts of melanoma. A recent study by Wagner et al. (36) examined 
the typical tumor burden found in histologically positive SLNs. They found that 
most SLNs contain minute tumor volumes but that primary tumor thickness and 
the pattern of SLN metastases may not be predictive of tumor burden or the pres¬ 
ence of positive non-SLNs. Another area that needed to be investigated was 
whether or not the minute amounts of tumor found in SLNs represented active 
metastatic disease or simply shed tumor cells of little malignant potential. 
Scheunemann et al. (37) addressed this area of question by detecting minute quan¬ 
tities of tumor cells in lymph nodes and then showing that these cells could pro¬ 
duce progressive tumor nodules in severe combined immunodeficiency disease 
mice. They concluded that minute amounts of tumor sometimes found in lymph 
nodes could represent clinically significant disease. Several groups have now 
shown that they can detect melanoma markers in SLNs using RT-PCR 
(10.13,38,39). These studies have shown that histologically positive SLNs are 
almost universally positive by RT-PCR for tyrosinase and other melanoma mark¬ 
ers. The incidence of histologically negative but RT-PCR positive lymph nodes 
varied between 12 and 65%. The clinical significance of these histologically nega¬ 
tive but RT-PCR positive lymph nodes has recently been examined by Shivers 
et al. (10). They found that patients with histologically positive SLNs (all of 
which were also positive by RT-PCR analysis for tyrosinase) had a 61% recur¬ 
rence rate with a mean follow-up of 28 mo. Patients with histologically negative 
and RT-PCR negative SLNs had a 1% recurrence rate and those who were histo¬ 
logically negative but RT-PCR positive had a 13% recurrence rate within the 
same follow-up period. This shows a statistically significant increase in recur¬ 
rence detected solely by RT-PCR analysis (10). 

15. Large prospective, randomized trials are under way that will address the clinical 
significance of RT-PCR analysis of peripheral blood and SLNs in patients with 
melanoma. Until the results of these trials are available we must continue to 
develop quality standards and search for more specific and sensitive markers for 
melanoma and other malignancies (35,40,41). RT-PCR analysis is poised to 
become a significant component of staging systems, and treatment protocols and 
standards are needed to ensure comparable results. 
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Immunoscope Analysis of T-Lymphocytes 
Infiltrating Melanocytic Tumors 

Philippe Musette, Jos Even, Louis Dubertret, 

Philippe Kourilsky, and Gabriel Gachelin 

1. Introduction 

Melanomas are most frequently infiltrated by actively proliferating 
T-lymphocytes (1). Some of these T-cells are cytolytic and recognize peptide 
antigens derived from melanoma-specific antigens (2). However, with the note¬ 
worthy exception of rare immune-mediated, sponaneous regressions of mela¬ 
nomas (3), or in the particular case of the halo nevus phenomenon in which 
normal melanocytes are killed by CD8 + -specific T-cells (4), the ongoing mel¬ 
anocyte-specific T-cell responses are most frequently incapable of controlling 
the growth of the tumor, resulting in the malignant melanocytic tumors escap¬ 
ing an otherwise specific immune T-cell response. The understanding of the 
mechanisms that underlie the switch of efficient to inefficient (and vice versa) 
T-cell responses is thus of primary importance in conceiving specific immuno¬ 
therapies of melanomas. 

In recent years, research has focused on the identification of melanoma- 
specific antigens (reviewed in refs. 5 and 6) and on the identification of the 
melanoma-specific T-cell clones infiltrating melanocytic tumors that are 
potentially able to drive an efficient killer response (2). Concerning the identi¬ 
fication of melanoma-specific T-cells, several strategies have been used, rang¬ 
ing from extensive T-cell cloning to systematic sequencing of all polymerase 
chain reaction (PCR) products derived from the mRNAs encoding the T-cell 
receptor (TCR) a- and (3-chains of the T-cells that infiltrate the tumor. The 
various biases to representativity introduced by cell cloning are well known. 
Only the direct identification of T clones undergoing local expansions is able 
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to avoid or minimize the numerous biases introduced by cell culture and clon¬ 
ing (7). The quantification of the TCRBV and AV uses by fluorescence- 
activated cell sorter (FACS) analysis does not generate an accurate picture of 
antigen-driven T-cell responses because the number of cells recovered from 
the tumors is usually low, and it identifies only those T-cell populations that 
exceed 0.1-0.5% of the total at best, a value sufficient for identifying marked 
T-cell expansions, but insufficient for monitoring specific T-cell responses 
in blood, and a fortiori for monitoring circulating memory T-cells. Finally, 
the monitoring of specific T-cell clones is nearly impossible if one excepts the 
growing use of peptide-loaded major histocompatibility complex (MHC) I and II 
tetramers (8), whose sensitivity, however, is in the same range as FACS analy¬ 
sis. Alternative techniques have thus been designed to describe the T-cell rep¬ 
ertoire in tumor-infiltrating lymphocytes (TILs) and in various other pathologic 
conditions. In view of our present knowledge of the size of T-cell clonal popu¬ 
lations in peripheral blood in humans (9), only PCR-derived techniques are 
sensitive and versatile enough to identify small-scale T-cell expansions. In 
these circumstances, most, but not all, the alternative techniques used to define 
the locally expanded T-cell clone candidates for further functional investiga¬ 
tion are thus PCR based. We developed the Immunoscope® technique (10-12), 
a semiquantitative method aimed at approaching the overall diversity of the 
CDR3 region length of the (3-chain of the TCR of T-cells contained in as few as 
10,000 T-cells. The methods used in achieving this goal are discussed next. 

1.1. Proper Sampling 

The Immunoscope technique was developed to generate some kind of a 
“snapshot” of T-cell populations by minimizing the number of steps between 
the biopsy and the experiment. To avoid the selective pressures owing to T-cell 
culture in vitro and also to prevent degradation of mRNA, the biopsies are 
immediately frozen in liquid nitrogen following surgery. Peripheral blood 
lymphocytes (PBLs) are harvested by Ficoll fractionation, or after red blood 
cell lysis, and immediately frozen in liquid nitrogen. The samples are kept at 
-78°C. Alternatively, the tissues can be homogenized in the lysing buffer ( see 
Subheading 3.2.2.) and kept frozen. 

1.2. Exhaustive RNA Extraction 

Minimize losses of infrequent mRNAs, total RNA (in order to better protect 
the mRNA) is preferred over polyA + mRNA (13). 

1.3. Adequate cDNA Synthesis 

The unstable mRNA is reverse transcribed into more stable cDNA. The qual¬ 
ity of the cDNA and its relative amount are determined by assaying the actin of 


T-Cells in Melanocytic Tumors 


323 


HGPRT mRNA contents, and the amount of mRNA related to T-cells is deter¬ 
mined by assaying the CD35 mRNA content by quantitative PCR (12,14). 

1.4. PCR Amplification of BV-BC cDNA Sequences 

The resulting cDNAs are PCR amplified slightly below saturation, using 
each of the BV-specific primers and a unique BC-primer. 

1.5. Analysis of BV-BC PCR Products 

by Runoff Elongations Using Specific Primers 

The preceding procedure generates 24 independent samples. Each BV-BC 
amplification product is subjected to a primer extension reaction using either 
an internal fluorescently labeled BC-specific primer or each of the 
13 fluorescently labeled BJ-specific primers. The fluorescent “runoff’ DNA 
encompasses the CDR3 region of the (3-chain of the TCR, the region that rec¬ 
ognizes the antigenic peptides bound to MHC molecules. The runoff products 
are analyzed in an automated DNA sequencer to determine the length of the 
spectrum of the CDR3 regions, as well as the intensity of fluorescence of each 
peak. The distribution of the intensity of fluorescence as a function of the CDR3 
length yields a Gaussian pattern in complex T-cell populations such as PBLs, 
whereas antigen-driven responses yield preeminent peaks, which distort the 
Gaussian distribution and are indicative of expanded T-cell populations (10). 
This generates up to 2000 independent signals (i.e., 2000 independent peaks) 
out of as few as 10,000 T-cells. The signals can be made quantitative by quan¬ 
titating the genuine T-cell-specific mRNA content on the basis of the CD38 
mRNA content of the crude extract (15) or any other quantitative PCR-based 
method. 

1.6. Generation of Clone-Specific (Clonotypic) Primers 
for In Vivo Follow-up of Clones 

The DNA of the (3-chains of the T-cells undergoing expansion (expanded 
peaks of a given CDR3 size) can be eluted from the gels, PCR amplified, 
cloned, and sequenced (the second generation of the Immunoscope is based on 
the additional systematic sequencing of the PCR products of interest, a tech¬ 
nique not described herein). Alternatively, the DNA contained in expanded 
peaks can be directly sequenced or cloned and the clones sequenced without an 
additional PCR step. From the nucleotide sequence of the expanded (3-chains, 
clonotypic probes extending from BJ into the CDR3 sequence can be designed, 
labeled with a fluorescent dye, and used instead of a LB2 J-specific primer in a 
primer extension reaction: these more selective primers provide a 10-fold 
increase in the resolution power of the technique (11,16). Clonotypes have 
been used to monitor T-cells in a variety of pathologic conditions (16-18) and 
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to identify the T-cells that share the same TCR (3-chain, i.e, either individual 
clones if a unique a-chain is associated to the thus defined TCR (3-chain, or a 
maximum of 25 different T-cell clones, since, according to recent data ob¬ 
tained in the laboratory, an average of 25 different a-chains can associate to a 
given (3-chain in peripheral T-cells (9). 

1.7. Previous Uses of Immunoscope Technique 

The Immunoscope technique has been routinely used for identifying T-cell 
clones in a variety of human diseases, such as rheumatoid arthritis (14,18), 
multiple sclerosis (16), renal cell carcinoma (19), bladder carcinoma (20), 
infection by Epstein-Barr virus (14), human immunodeficiency virus (21), and 
influenza virus (22). Several studies on the T-cells that infiltrate melanocytic 
tumors have been conducted using the Immunoscope approach (reviewed in 
ref. 23). The complex behavior of the T-cells infiltrating melanomas was stud¬ 
ied and T-cell clones undergoing expansion were characterized, some of which 
were found infiltrating all tumor sites of the same patient (24). We have recently 
analyzed the diversity of the (3-chains of the TCR used by the T-cells that infil¬ 
trate nevi undergoing immune-mediated regression (25). An Immunoscope- 
based strategy aimed at the description of the T-cells relevant to the specific 
antimelanoma response has been recently discussed (26). Finally, the same 
strategy, although made more complex by the number of AV and AJ segments, 
is applicable to the study of the TCR a-chains. 

The Immunoscope approach has been adapted to any system showing a 
highly complex diversity of genetic origin relative to human y/b T-cells in nor¬ 
mal and pathologic conditions (27). The only prerequisite for such analyses is 
the availability of exhaustive data sets of the nucleotide sequences of the sys¬ 
tem under study. 

2. Materials 

2.1. Preparation of Samples 

1. Liquid N 2 

2. Ficoll PBL fractionation kit. 

2.2. Extraction of Rna 

1. Poly A + or total RNA extraction kit. 

2. Extraction solution: 4 M guanidinium isothiocyanate, 25 m M sodium citrate, 
pH 7.0, 0 .5% Na N- 1aury 1 sarcosinate, 0.1 M 2-mercaptoethanol. 

3. 5.7 M CsCl in 25 m M Na acetate, pH 5.2, 10 m M Na EDTA, pH 8.0. 

4. 2.4 M CsCl in 25 m M Na acetate, pH 5.2, 10 m M Na EDTA, pH 8.0. 

5. Diethylpyrocarbonate (DEPC). 

6. DEPC-treated water. 
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7. 2 M Na acetate, pH 4.0. 

8. Isopropanol. 

9. 70% Ethanol. 

10. Tissue grinder. 

11. High-speed ultracentrifuge. 

12. Low-speed centrifuge. 

13. Speed-vac or equivalent. 

2.3. Reverse Transcription 

1. Kit for reverse transcription (e.g., Boehringer-Mannheim, Germany). 

2. AMV reverse transcriptase (Boehringer Mannheim) and its proper buffer. 

3. 15-mer Oligo dT primer, 50 pM solution in water. 

4. RNAsin (Promega or other sources). 

5. dNTP (Pharmacia) mix: 10 m M final each. 

6. Water bath. 

7. Low-speed centrifuge. 

2.4. cDNA Amplification: Generation 
of Primary BV-BC PCR Products 

1. Set of all BV-specific primers (available in a kit developed by Applied 
BioSystems, Foster City, CA, or designed according to Table 1). 

2. BC-specific primer. 

3. Taq polymerase and its proper buffer. 

4. Pfu polymerase and its proper buffer. 

5. dNTP stock solutions (10 m M) (Pharmacia). 

6. Stock solution of MgCl 2 (25 m M). 

7. PCR thermocycler accepting 96-well plates. 

8. 96-well plates and plate covers. 

9. Multichannel pipet (12-tip). 

10. Setup for agarose gel electrophoresis. 

2.5. Runoff Elongations and Analysis of TCR {)-Chain Diversity 

1. Stock solution of 10 m M dNTP (Pharmacia). 

2. MgCl 2+ stock solution (25 m M). 

3. Fluorescently labeled BC primer. 

4. Fluorescently labeled BJ primers. 

5. EDTA (20 mM). 

6. Formamide. 

7. Taq polymerase and its buffer. 

8. PCR thermocycler accepting 96-well plates. 

9. 96-well plates and sealers (Costar, Cambridge MA). 

10. Multichannel pipet. 
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Table 1 

BV and BC PCR Primers 


Primer 


Distance (bases) to 

Sequence codon 95 


BV 1 

BV2 

BV3 

BV4 

BV5 

BV6A 

BV6B 

Mixed with 


BV7 

BV8 

BV9 

BV11 

BV12 

BV13A 

BV13B 

BV14 

BV15 

BV16 

BV17 

BV18 

BV20 

BV21 

BV22 

BV23 

BV24 

BC1 


5 '-CCGC AC AAC AGTTCCCTGACTTGC-3' 
5'-CACAACTATGTTTTGGTATCGTC-3' 

5 '-CGCTTCTCCCTGATTCTGGAGTCC-3' 
5 '-TTCCC ATC AGCCGCCC AAACCTAA-3' 
5 '-GATC AAAACGAGAGGAC AGC-3' 

5 '-GATCC AATTTC AGGTC ATACTG-3' 

5' -C AGGG(C/G)CC AGAGTTTCTGAC-3' 


5'-CAGGG C TCAGAGGTTCTGAC-3' 

5 '-CCTGA ATGCCCC A AC AGCTCT-3' 

5 '-GGTAC AGACAGACC ATGATGC-3' 

5 '-TTCCCTGGAGCTTGGTGACTCGC-3' 

5 '-GTC AAC AGTCTCC AGAATA AGG-3' 

5 '-TCC(C/T)CCTCACTCTGGAGTC-3' 
5'-GGTATCGACAAGACCCAGGCA-3' 

5' - AGGCTC ATCC ATT ATTC A A AT AC- 3' 
5'-GGGCTGGGCTTAAGGCAGATCTAC-3' 
5'-CAGGCACAGGCTAAATTCTCCCTG-3' 
5'-GCCTGCAGAACTGGAGGATTCTGG-3' 
5'-TCCTCTCACTGTGACATCGGCCCA-3' 
5 '-CTGCTGA ATTTCCC AA AGAGGGCC-3' 
5 '-TGCCCCAGAATCTCTCAGCCTCC A-3' 
5 '-GGAGTAGACTCC ACTCTC AAG-3' 
5'-GATCCGGTCCACAAAGCTGG-3' 

5ATTCTGA ACTGAAC ATGAGCTCCT-3' 
5 '-GACATCCGCTC ACCAGGCCTG-3' 
5'-GGGTGTGGGAGATCTCTGC-3' 


86 

199 

63 

89 

247 

214 

163 


84 

182 

43 

91 

59 

179 

150 

162 

75 

43 

58 

86 

101 

69 

49 

62 

51 

(reverse primer) 


2.6. Separation of Runoff Elongation Products 

1. Acrylamide (see Note 1). 

2. Bisacrylamide. 

3. Urea. 

4. 10X Tris-borate buffer (pH 8.0). 

5. Fluorescently labeled size standard markers (Applied Biosystems) in automated 
DNA sequencer such as Applied Biosystems 373A DNA sequencing system or 
ABI prism 377 DNA sequencing system. 
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2.7. Immunoscope Analysis 

1. Immunoscope 3.0 software package (Applied BioSystems) or GeneScan soft¬ 
ware package (Applied BioSystems). 

2. A Macintosh (for use with Immunoscope 3.0) or a PC (for use with GeneScan) 
bench computer. 

3. Methods 

A few general safety rules should be enforced. Cells and samples should be 
handled under P2 safety conditions and potential infectious hazard should 
be considered from the sample collection stage to the extraction of RNA. 
Gloves and laboratory coats should be worn and the guidelines for good labo¬ 
ratory practice followed. Finally, all steps from the collection of the samples to 
the preparation of the PCR reaction should be performed in rooms in which no 
PCR products are handled. This greatly reduces the risk of contamination. 
Alternatively, the dUTP Uracyl DNA Glycosylase system is helpful to prevent 
contamination. 

3.1. Samples 

After surgical resection, the melanocytic tissue samples must immediately 
be frozen in liquid N 2 and stored at -80°C or in liquid N 2 , until RNA is extracted. 
If the sample is small or the lymphocyte count is low, the surgical sample can 
be briefly (2-4 d) grown in vitro in the proper culture medium and the lympho¬ 
cytes collected afterward and either frozen or immediately processed toward 
the RNA extraction step. PBLs were harvested following Ficoll fractionation. 

3.2. Extraction of RNA 

3.2.1. Principles 

Various kits for the preparation of both polyA + mRNA and total RNA are 
commercially available (see Note 2). Kits are particularly useful when several 
samples have to be treated at the same moment. In the laboratory, we prefer to 
use the Chirgwin technique (13), which gives high yields of total RNA and is 
carried out throughout in denaturing conditions, thus minimizing the risk of 
degradation of infrequent mRNAs. Also, inhibitors contained in some tissues 
are removed by CsCl centrifugation used to fractionate RNA. Briefly, the tis¬ 
sue is homogenized in guanidinium isothiocyanate. RNA is separated by centrifu¬ 
gation through a discontinuous gradient of CsCl, precipitated, washed, and dried. 

3.2.2. Procedure 

1. Make the denaturing solution: The denaturing solution consists of 4 M 
guanidinium isothiocyanate; 25 m M sodium citrate, pH 7.0; and 0.5% Na 
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iV-laurylsarcosinate. The solution is made by stirring and mild heating. It is then 
filtered on Whatman no. 1 paper and kept at room temperature in brown bottles 
and is stable for several months. Just before use, 0.1M final 2-mercaptoethanol is 
added and the resulting extraction solution is unstable. 

2. Grind the tissue in 7.5 mL of denaturing solution and homogenize until the DNA 
is sheared. This volume is sufficient for up to 5 x 10 8 cells. Add carrier cells to 
small samples, e.g., insect cells ( see Note 3). Low-speed centrifugation (3000g 
for 5 min at room temperature) eliminates the unground tissues. 

3. Prepare SW41 (or equivalent) centrifuge tubes by adding 3 mL of 5.7 M CsCl, 
followed by carefully layering 0.7 mL of 2.4 M CsCl solution (see Note 4). 

4. Layer the extract on top of the discontinuous gradient. 

5. Weight balance the tubes by adding denaturing solution. 

6. Centrifuge for 24 h in the SW41 rotor at 110,000g and 20°C. RNA is pelleted 
(hardly visible) and DNA (recoverable using a Pasteur pipet) is visible at the 
interphase between the two CsCl layers. 

7. Aspirate off all the solution. 

8. Resuspend the pellet in 0.5 mL of denaturing solution and transfer in an 1.5-mL 
Eppendorf tube. 

9. Total RNA is recovered by precipitation. Add 50 pL of 2 M Na (pH 4.0) and 
0.5 mL of isopropanol. Allow the RNA to precipitate for a minimum of 30 min at 
-20°C and collect as a white precipitate by centrifugation (15.000# at 5°C for 
30 min). 

10. Discard the supernatant. 

11. Wash the pellet with 1 mL of 70% ethanol, and collect by centrifugation under 
the same conditions as in step 9. Then vacuum-dry the pellet and dissolve it in 
100-200 pL of DEPC-treated water. 

12. The RNA concentration is determined by the absorbance at 260 and 280 nm: 
1 OD 260 is 40 pg/mL. The OD 260 /OD 280 ratio should be close to 2. Keep the RNA 
solution at -20°C or better at -78°C. The mRNA content of the samples can be 
standardized on the basis of their HGPRT mRNA content (thus on the basis of all 
cells in the sample), or on the basis of the CDR38 mRNA content (only T-cells). 

3.3. Reverse Transcription: Synthesis of cDNA 

3.3.1. Principles 

Only a single-strand reverse transcription is performed, sufficient for PCR 
amplification. The AMV reverse transcriptase (RT) is the most commonly used 
enzyme. However, depending on the fidelity of transcription needed, other 
enzymes can be used ( see Note 5). 

3.3.2. Procedures 

The use of the reverse transcription kit developed by Boehringer-Mannheim 
is described next. 
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1. Mix 10 iiL of total RNA in water (1-10 ug) with 2 uL of dNTP mix and 2 uL of 
the oligo dT primer solution. 

2. Place the mixture in a preheated water bath at 70°C for 10 min to ensure the 
destruction of RNA secondary structures. Then centrifuge the heated tube briefly 
to collect the liquid and cool on ice for 1 min. 

3. Add 4 pL of the 5X reverse transcriptase buffer, 1 uL of RNAsin, and 1 uL of 
Boehringer AMV RT. 

4. Incubate the mixture for 1 h at 42°C, and then centrifuge and store at -20°C. 

3.4. cDNA Amplification: Generation 
of Primary BV-BC PCR Products 

3.4.1. Principles 

The proper PCR amplification of each BV-BC-encoding single-strand 
cDNA is the critical step of the Immunoscope approach of T-cell diversity. 
The PCR products will be used for further analysis based on the diversity of 
the BJ regions used and the CDR3 length. It is therefore of primary importance 
to avoid any sampling error. Thus, care should be taken to carry out the ampli¬ 
fication step using a sufficient number of cDNA molecules. This can be com¬ 
puted by assuming that each T-cell possesses about 200 mRNA molecules coding 
for its TCR (3-chain and also by taking into account the number of subsequent 
runoff reactions that will be carried out on each PCR product. Also, enough 
cDNA should be retained for quantitative PCR (standardization processes) and 
possible additional analyses (e.g., cytokines, chemokine receptors, AV chains etc). 

3.4.2. Procedure 

The reaction is carried out either in tubes or in 96-well Costar plates, in a 
final volume of 20 iiL, using a Perkin-Elmer thermocycler (see Note 6). It is 
suggested to PCR amplify all the BV segments of interest (ideally all BVs) in a 
unique experiment (e.g., same mix, buffer, enzyme, thermal conditions). The 
PCR kit produced by Promega has been satisfactorily used in the laboratory. 
The use of this kit is described next and follows the specifications of the sup¬ 
plier. Table 1 lists the sequences of the primers. Several thermostable poly¬ 
merases are used in the laboratory —Tciq polymerase from Promega or Goldstar 
polymerase of Eurogentec—depending on the experiments to follow PCR 
amplification reaction. If the polymerase adds an untemplated A, the addition 
should be systematic for the runoff experiments to be analyzable on the auto¬ 
matic sequencer. This explains the use of the Promega enzyme, which system¬ 
atically adds an untemplated A nucleotide. The following protocol is adapted 
to the study of four different cDNA preparations. 
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Table 2 

Positions of BV Primers in 96-Well Plates 


Well 

Row 1 BV 

Row 1 BV size 

Row 2 BV 

Row 2 BV size 

1 

9 

146 

18 

189 

2 

23 

165 

6B 

266 

3 

16 

146 

4 

192 

4 

3 

166 

13A 

282 

5 

22 

152 

11 

194 

6 

21 

172 

8 

285 

7 

24 

154 

20 

204 

8 

15 

178 

2 

302 

9 

17 

161 

13B 

253 

10 

7 

187 

6A 

317 

11 

12 

162 

14 

265 

12 

1 

189 

5 

350 


1. Prepare a 2.5 pM stock solution of the BV primers in rows A and B. To manage 
the different length of the PCR products and avoid spilling over of the signals 
into the improper lanes, the oligonucleotide primers should be put in a precise 
order (Table 2) defined by a rule of increasing size of the PCR products. The 
stock plate can be stored for months in a freezer. 

2. Dispense the BV primers into a 96-well plate: row A into rows A, C, E, and G; 
row B into rows B, D, F, and H. 

3. Prepare a reaction mix for each cDNA and one for the negative control; 327 pL 
of water, 50 pL of 25 m M MgCl 2 ; 62 pL of 2 m M dNTP; 50 pL of 10X Taq 
polymerase buffer; 3 pL of 100 pM BC primer; 3 pL (5 U/pL) of Taq poly¬ 
merase; cDNA or 5 pL of water. 

4. Distribute 20 pL of the mix into the plate (mix one into rows A and B, and so on) 
using a multichanel pipet. 

5. Seal the plate and place it in the thermocycler. 

6. Amplify DNA using the following standard amplification program: 30 s at 94°C; 
40 cycles of 25 s at 94°C, 45 s at 60°C, and 45 s at 72°C; 5 min at 72°C. 

7. After the run has been completed, check amplification (and the absence of ampli¬ 
fication in the negative controls) by running 5 pL of the reaction mixture on a 2% 
agarose gel. The PCR plate can be stored for months at -20°C. 

3.5. Runoff Elongations and Analysis of TCR fi-Chain Diversity 

3.5.1. Principles 

The crude BV-BC PCR products appear as a single band on an agarose gel, 
owing to a mixture of (5-chains differing in their BD and BJ uses as well as by 
the length and sequences of the CDR3 regions. This diversity cannot be 
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Table 3 

Fluorescent Runoff Primers 


Primer 

Sequence" 

Distance (bases) to 
codon 106 

BC2 

5 '-F-ACAC AGCGACCTCGGGTGGG-3' 

73 

BJ1S1 

5 '-F-ACTGTGAGTCTGGTGCCTTGT-3' 

29 

BJ1S2 

5'-F-ACAACGGTTAACTTGGTCCCCGAA-3' 

32 

BJ1S3 

5 '-F-GGTCCTCTAC AAC AGTGAGCC AAC-3 7 

40 

BJ1S4 

5'-F-AAGAGAGAGAGCTGGGTTCCACTG-3' 

32 

BJ1S5 

5'-F-GGAGAGTCGAGTTCCATCA-3' 

27 

BJ1S6 

5'-F-TGTCACAGTGAGCCTGGTCCCATT-3' 

33 

BJ2S1 

5'-F-CCTGGCCCGAAGAACTGCTCA-3' 

14 

BJ2S2 

5'-F-GTCCTCCAGTACGGTCAGCCTAGA-3' 

39 

BJ2S3 

5 '-F-TGCCTGGGCC AAAATACTGCG-3' 

16 

BJ2S4 

5'-F-TCCCCGCGCCGAAGTACTGAA-3' 

16 

BJ2S5 

5 '-F-TCGAGC ACC AGGAGCCGC-3' 

35 

BJ2S6 

5 -F-CTGCTGCCGGCCCCGAAAGTC-3' 

20 

BJ2S7 

5 '-F-TGACCGTGAGCCTGGTGCCCG-3' 

31 


°F, 5'-fluorophore. 


approached by mere electrophoretic analysis. Furthermore, contamination by 
unwanted PCR products may obscure the data and makes compulsory a formal 
identification of the PCR products. Formal identification and CDR3 length 
analysis can be achieved in a single step by carrying out runoff elongation 
reactions using either an internal, fluorescently labeled BC primer, or specific, 
fluorescently labeled BJ primers, if the identification of the BJ region is needed 
in addition to the characterization of the CDR3 length diversity (Table 3). The 
primers will anneal exclusively to the proper PCR products and thus label only 
them. The fluorescent dyes depend on the DNA sequencing system used, and 
their chemistry differs accordingly (see Note 7). 

3.5.2. Procedures 

The runoff elongation reactions are carried out in 96-well Costar plates, 
using a thermocycler and a thermostable polymerase that adds systematically 
an extranucleotide. The Promega Taq polymerase has proven satisfactory 
because it systematically adds an untemplated A. Remember that the final 
analysis is based on the description of peaks (or bands) separated by three 
nucleotides (in frame mRNAs) or one or two nucleotides (possibly out of frame 
mRNAs) and on an automatic measurement of the length of PCR products. 
Uneven addition of extranucleotides will thus blur the electrophoretic profile. 
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3.5.2.1. BC Runoffs 

1. Prepare a mix consisting of 530 pL of water; 130 pL of 25 m M Mg 2+ ; 110 pL of 
10X Taq polymerase buffer; 110 pL of 2 m M dNTP; 11 pL of 10 p M labeled BC 
primer; 4 pL (5 U/pL) of Taq polymerase. 

2. Distribute the mix in the 96-well plate (8 pL/well). Add 2 pL/well of the PCR- 
amplified DNAs and seal the plate. 

3. Execute one to five cycles, the number of cycles depending on the intensity of the 
initial signal, of the following program (the number of cycles is your choice and 
must be maintained in the subsequent experiments), best fitted for a 9600 Perkin- 
Elmer PCR automate. It must be adapted to the specifications of other equipment: 
30 s at 94°C; one to five cycles of 25 s at 94°C, 45 s at 72°C, and 5 min at 72°C. 

4. Remove the sealer and stop the reaction by adding 10 pL of EDTA/formamide 
per well. Seal and store at -20°C. 

3.5.2.2. BJ Runoffs 

1. Dispense 0.2 p M BJ specific dye-labeled primers in columns 1 and 2 of a 
96-well plate. We suggest dispensing BJ 1S1 to BJ IS.6 in column 1 and BJ 2S1 
to BJ 2S7 in column 2. 

2. Prepare a BJ runoff mix. The values given next correspond to the analysis of six 
different samples: 

a. Prepare a master mix consisting of 54 pL of 25 m M MgCl 2 ; 45 pL of 10X Taq 
polymerase buffer; 45 pL of 2 m M dNTP; in a total of 146 pL. 

b. Distribute 2.5 pL of the BJ primers into a 96-well plate, column 1 of step 1 
into columns 1, 3, 5, 7, 9, and 11; column 2 of step 1 in columns 2, 4, 6, 8, 10, 
and 12. 

c. Divide the master mix into six mixes of 22 pL to which 15 pL of the ampli¬ 
fied material is added. 

d. Distribute the mixes in a 96-well plate, 2.5 pL/well. Mix 1 in columns 1 and 
2, mix 2 in columns 3 and 4, and so on, and seal the plate. 

e. Carry out the elongation reaction. The following program is designed for the 
9600 Perkin-Elmer PCR automate: 30 s at 94°C followed by one to five cycles 
of 25 s at 94°C, 45 s at 60°C, 45 s at 72°C, and 5 min at 72°C. After the 
program is completed, remove the sealer and add 5 pL of EDTA-formamide 
to each well. Store the plate at -20°C. 

3.6. Separation of Runoff Elongation Products 
by Gel Electrophoresis 

3.6.1. Principles 

The analysis of the dye-labeled runoff elongation products is carried out by 
electrophoresis using any DNA sequencing system. Any DNA sequencer can 
be used provided it is equipped with the adequate software for a quantitative 
analysis of the fluorescent DNA peaks and for simultaneous recording of their 
migration through the gels. 
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In view of the diverse equipment available and the fast evolution of the 
techniques of DNA sequencing, no precise description of any particular equip¬ 
ment is given. Simply note the following observations or rules that hold for 
any DNA sequencer. Load the samples in the size order, to avoid possible spill¬ 
ing over of the fluorescent signal. Do not load too much fluorescent material: 
an excess of fluorescent material results in poor resolution of the peaks. Always 
coload fluorescent DNA size standards, which can be purchased from Applied 
Biosystems or can be homemade by amplifying a plasmid DNA using a set of 
scaled nested primers along with a unique and conserved labeled reverse 
primer. We suggest that the primers generate DNA fragments that are 80-350 
bp long, and regularly spaced by 30 bp. The recording of the migration of the 
size standards is compulsory for determining the precise size of the BV-BC 
and BV-BJ fluorescently labeled PCR products. 

In view of the diversity of the equipment in use and the uniqueness of their 
requirements, only the description of the most commonly used reagents and 
procedures is given here. The procedure described holds for a 373 A Applied 
BioSystems DNA sequencer equipped with a 36-track setup. It must be adapted 
to other setups, but the general principles and outlines remain the same. 

1. Cast an 8 M urea, 6% acrylamide gel. Acrylamide stock solution: for a 6% gel 
stock (a higher resolution is achieved by running 8% or even 10% acrylamide 
gels), mix 57 g of acrylamide, 3 g of bisacrylamide, 480 g of urea, and 100 mL of 
10X TBE and add water to make 1 L. Filter through Whatman no. 1 paper. Store 
at -4°C for months in a brown bottle. Preweighted acrylamide solutions are com¬ 
mercially available. 

2. Prerun the gel for 10 min at 35 W. Heat denature the samples (80°C, 10 min). 

3. Load the samples, 3.5 pL/slot, in the following order: Assuming that rows A-F 
of a 96-well plate are to be analyzed, load row A in lanes 1-12, row C in lanes 
13-24, and row E in lanes 25-36. Add 1 pL of the shorter set of size standards in 
lanes 1, 17, and 34. Run the gel for 15 min at 35 W. Then, load row B in lanes 
1-12 and so on and add 1 pL of the longer set of size markers to lanes 2, 18, and 
36. Run as above (15 min, 35 W) and start collecting data. About 7 h is needed to 
complete the separation of the fragments on a 373 A system. Shorter periods are 
required on some other systems. 

3.7. Immunoscope Analysis 

3.7.1. Principles 

The last part of acquiring data in the Immunoscope strategy is the conver¬ 
sion of the size of the elongation fragments, as they are detected in the gel or 
the capillary, into CDR3 length, and depicting the raw data as a series of peaks 
with their area in ordinate (expressed in arbitrary units) and the actual size of 
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the CDR3 region in abscissas, most commonly expressed in amino acids (a 
CDR3 that is 10 amino acids long extends from codons 96 to 105 [28]). This 
analysis is best achieved using the Immunoscope 3.0 software package (sup¬ 
plied by Applied Biosystems). The GeneScan sofware package (Applied 
Biosystems) can also be used to analyze the data. 

3.7.2. Procedure 

For the analysis, the gel is tracked again, if necessary, and the folder con¬ 
taining the 36 lanes (raw data files) is transfered onto a Macintosh desk com¬ 
puter. The gel is then analyzed using the Immunoscope software following the 
detailed user’s guide provided with the sofware. The final results are depicted 
as icons in which the intensity of each peak (computed as the fraction of the 
total area of the signal) is plotted against the length of the CDR3 region, 
expressed in amino acids. A Gaussian-like distribution of peaks separated one 
from each other by one amino acid is indicative of the absence of specific 
antigenic stimulation ( see Note 8). Distortions from the Gaussian distribution 
are indicative of the presence of expanded clones, often evidenced as isolated 
peaks. The more precise identification of the clones undergoing expansion can 
be achieved by sequencing the DNA corresponding to the expanded peaks (24), 
either by direct sequencing when a unique peak is detectable or after subcloning 
and sequencing of the DNA of interest (29) (see Note 9). 

3.7.3. Development of Clonotypic Primers 

Once a unique (3-chain associated to an expanded T-cell population has been 
identified by DNA sequencing, the clones it belongs to can be monitored easily 
in the bloodstream or in the tumors by using the following strategy, based on 
the use of clonotypic primers. A dye-labeled clonotype is designed that extends 
from the 5' part of the BJ region into the CDR3 sequence of the (3-chain. The 
sequence should not penetrate into the retained BV region. The clonotypic 
primers can be used in the same way as the labeled BC and BJ primers, but are 
now able to detect specific clones. The lower limit of detection of T-cells car¬ 
ried out using a clonotypic primer is in the range of 1 of 10 5 independent 
sequences. This procedure is obviously of particular interest for the follow-up 
of patients undergoing specific immunotherapy, provided functional tests have 
established a link between the presence of the clone and its reactivity against 
the tumor or the target in general. 

In this respect the use of class I tetramers loaded with the proper peptides 
(31) of tumor origin is of primary importance in the study and follow-up of 
antigen-specific T-cell populations present in the blood and in the tumor of 
patients (32). Clonotypes can be designed and later used in the follow-up of 
individual clones in patients. 
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4. Notes 

1. Preweighted solutions of acrylamide-bisacrylamide are commercially available 
and should preferentially be used. 

2. The researcher has to make his or her own choice among the many commercially 
available kits. The contamination by genomic DNA should be tested. Also, the 
use of kits extracting total RNA rather than polyA + RNA should be preferred. 

3. Mammalian cells may interfere with the actin of HGPRT assay. 

4. The CsCl solutions (5.7 MCsCl in 25 mMNa acetate, pH 5.2; lOmMNaEDTA, 
pH 8.0; and 2.4 M CsCl in the same buffer as above) were previously filtered 
through a 0.45-pM filter. DEPC to 0.1% was added; the solutions were allowed 
to stand for 1 h and then were autoclaved (120°C for 20 min). The CsCl solutions 
are stable for months at room temperature. 

5. Several kits for reverse transcription are commercially available and give similar 
results. Several different RT enzymes are also commercially available and can be 
used instead of the AMV RT, depending on the fidelity of transcription needed. 

6. Other equipment can be used as well. The cycling conditions need to be adjusted 
to each thermocycler. 

7. Caution: Fading is observed if the dyes are exposed to light. 

8. A superantigenic stimulation results in a Gaussian-shaped pattern. Also note that 
out-of-frame mRNAs may result in peaks abnormally located at positions corre¬ 
sponding to fractions of amino acids. 

9. Keep in mind that the areas of the peaks yielded by the Immunoscope can be 
compared only among experiments using the same couple of primers: the 
Immunoscope yields patterns, in the present case patterns of BV and BJ use; 
these patterns are semiquantitative, but patterns obtained from different samples 
can be compared provided the same primers and protocol have been used. Indeed, 
because of differences in the efficiency of primers, the nucleotide sequence and 
sometimes the secondary structure of the DNA fragments to be amplified, the 
yield of the PCR reactions may vary, although the primers have been designed 
(of course in addition to their specificity of annealing) to possess a similar effi¬ 
ciency in PCR amplification and in runoff elongation reactions. Only quantita¬ 
tive PCR should be used to compare the number of mRNA molecules. 
Quantitative techniques based on the Immunoscope have been developed (30). 
More recently, several types of equipment, particularly based on the determina¬ 
tion of the initial rate of synthesis of the PCR fragments or on the determination 
of the amount of fluorescent material synthesized before saturation is reached, 
have become available. 
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T-Cell Receptor Clonotype Mapping Using 
Denaturing Gradient Gel Electrophoresis 

Analysis of Clonal T-Cell Responses in Melanoma 

Per thor Straten, Jurgen C. Becker, Jesper Zeuthen, 
and Per Guldberg 

1. Introduction 

Melanoma cells are considered to be immunogenic because they express 
melanoma-associated antigens that are recognized by autologous T-cells. The 
role of T-lymphocytes in the host’s immune response to cancer in general and 
to melanoma in particular has been studied intensively during the past decade, 
and an immense amount of data have strengthened the notion that a functional 
and specific antimelanoma T-cell response operates in melanoma patients (1,2). 
This assumption has been strongly reinforced by the demonstration of 
clonotypic T-cells in both primary and metastatic melanoma (3,4). Neverthe¬ 
less, the prognosis of metastatic melanoma is one of the most unfavorable in 
medicine. The coexistence of tumor-specific immunity with a progressing 
tumor remains a major paradox of tumor immunology and highlights the 
urgency to reveal new insights into the biology of antitumor T-cells. 

In this chapter, we describe a method based on reverse-transcriptase poly¬ 
merase chain reaction PCR (RT-PCR) and denaturing gradient gel electro¬ 
phoresis (DGGE) to rapidly screen for the presence of clonotypic T-cells (5). 
This method visually displays the degree and heterogeneity of T-cell clonality 
in complex cell populations and provides a simple means for isolating and 
characterizing nucleic acid sequences that represent individual clonotypic 
T-cells. 
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1.1. The T-Cell and the T-Cell Receptor 

The function of T-cells is to recognize the presence of pathogens in the body 
and to respond accordingly, i.e., to clear the pathogens either by direct elimina¬ 
tion or by activation of other parts of the immune system. T-cells do not recognize 
native antigen but, rather, small antigen fragments (peptides) presented in the 
context of major histocompatibility complex (MHC) molecules. This dual 
specificity for both MHC and antigen is accomplished by the T-cell receptor (TCR). 

T-cells belong to two mutually exclusive lineages expressing either 
heterodimeric a|3 TCRs or heterodimeric yd TCRs. In the germline, the TCR 
locus includes a large number of variable (V), joining (J), and a constant (C) 
gene segment(s), and for the (3 chain, an additional diversity (D) segment. Dur¬ 
ing T-cell maturation in the thymus, the a and (3 or the y and 8 gene segments 
are rearranged into a single transcriptional unit for each of the chains. A limit¬ 
less repertoire for antigen recognition is provided by the assortment of the vari¬ 
ous V, J, and D gene segments, as well as by the addition or deletion of 
nucleotides at the junction between the V/J and the J/D gene segments. This 
so-called N-region diversity provides a unique DNA sequence for each indi¬ 
vidual T-cell, forming a clonotype. Once the mature T-cell leaves the thymus, 
the T-cell DNA does not go through further changes. This property of the 
T-cell implies that any specific T-cell is imprinted by its unique TCR sequence, 
providing the basis for monitoring T-cell growth distinguishing between dif¬ 
fuse and clonal expansions in a complex population of T-cells. 

1.2. The Principle of DGGE 

DGGE is one of several methods that separate DNA molecules according to 
base composition and sequence-related properties, rather than according to size, 
as in conventional electrophoretic procedures. The resolving principle of 
DGGE is that the melting property of a DNA molecule is highly dependent on 
the nucleotide composition. During electrophoresis in a polyacrylamide gel 
containing an increasing gradient of denaturants (usually a combination of urea 
and formamide), a DNA molecule initially moves with a constant velocity 
determined by its size. However, at a certain level in the gel, a concentration of 
denaturant is reached that causes the molecule to partially unwind, resulting in 
the abrupt formation of a three-armed intermediate that moves with a very low 
velocity. If present in a sufficiently high copy number, such a retarded, par¬ 
tially unwinded DNA species will be revealed as a distinct band in the denatur¬ 
ing gradient gel. 

Similar DNA molecules differing at one or more nucleotide positions usu¬ 
ally have significantly different melting temperature. Thus, they will partially 
unwind at different concentrations of denaturant and be retarded at different 
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positions in the gradient gel. Complete dissociation of the two strands causes 
loss of resolution but may be effectively prevented by attaching a highly ther¬ 
mostable, GC-rich sequence, usually called a GC-clamp, to one of the ends of 
the DNA fragment. The GC-clamp is easily added to the molecule by the use of 
PCR primers, one of which has been extended by a 30- to 60-bp GC-rich 
sequence at its 5' end. 

1.3. DGGE for TCR Clonotype Mapping 

Under appropriate circumstances, a T-cell that recognizes antigen will become 
activated and go through cell divisions. Consequently, the unique property of 
the TCR sequence for each T-cell implies that dividing T-cells can be detected 
by the increased abundance of a specific TCR sequence in the population. In 
turn, this can biologically be judged as an indication of an ongoing T-cell response. 

The salient feature of DGGE is physical separation of DNA sequences with 
different nucleotide composition. Even single base pair changes in a DNA 
sequence can be revealed in a denaturing gradient gel by a shift in the position 
at which the molecule is retarded ( 6 ). In a polyclonal T-cell population, all 
TCR DNA sequences will, in theory, differ from each other by their melting 
properties and will therefore be revealed as a smear in the denaturing gradient 
gel. By contrast, any population of clonally expanded T-cells will be revealed 
as a distinct band that can be recovered for further analysis (Fig. 1). By the use 
of specific primers covering the variable regions TCRB V1-24, TCR clonotype 
mapping covers the vast majority of T-cells. Each of the 24 variable regions is 
amplified by RT-PCR, and the resulting PCR products are analyzed by DGGE. 
Subsequent staining with ethidium bromide (EtBr) discloses whether 
clonotypic T-cells are present in the analyzed sample. 

2. Materials 

2.1. Synthesis of cDNA 

1. Cytoplasmic RNA. 

2. Superscript II reverse transcriptase (Gibco-BRL, Life Technologies, Gaithers¬ 
burg, MD) including 5X first-strand buffer and 0.1 M dithiothreitol. 

3. dNTPs. 

4. Random hexamers. 

2.2. Polymerase Chain Reaction 

1. Oligonucleotide primers for the amplification of GAPDH and the TCRBC region, 
in addition to the panel of primers that cover the TCRBV regions 1-24. For the 
analysis of low cell numbers, preamplification of TCRBV 1-24 is carried out with 
the primers BV-Mix and BC4 (see Subheading 3.3. and Fig. 2). The sequences 
of the primers are given in Table 1 (see Note 1). 
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Polyclonal Monoclonal 



Fig. 1. TCR clonotype mapping identifies expanded T-cells by detecting the pres¬ 
ence of clonotypic TCR sequences giving rise to a band in a denaturing gradient gel. 


2. AmpliTaq polymerase (Perkin-Elmer Cetus, Emeryville, CA) (see Note 2). 

3. 10X PCR buffer (500 m M KC1; 100 m M Tris-HCl, pH 9.0; 15 m M MgCl 2 ; 0.5% 
[w/v] bovine serum albumin). 

4. 5X PCR-compatible loading buffer (0.04% cresol red, 60% sucrose). 

5. Primers in 10 pmol/uL. 

6. 10 m M dNTPs. 

7. DNA mass ladder (Gibco-BRL, Life Technologies). 

2.3. Solutions 

1. 50X TAE electrophoresis buffer: 2.0 M Tris-acetate, 0.05 M EDTA, pH 8.0. 

2. Denaturant stock solution (20% denaturant) (1.4 M urea, 8% [v/v] formamide, 
6% acrylamide [acrylamide: bis = 19:1] in IX TAE) (see Note 3). 

3. Denaturant stock solution (80% denaturant): 5.6 M urea, 32% (v/v) formamide, 
6% acrylamide in IX TAE. 


Analysis of Clonotypic T-Cells by DGGE 


343 


5 ' 


BVmix 

-» 


BV1-24 

-5> 



3' TCRcDNA 


Variable region Constant region 

Fig. 2. Schematic overview of the primers used for amplification of the TCRBV 
variable regions. 


4. Photo-flo 600 solution (Eastman Kodak, Rochester, NY). 

5. Ammonium persulfate (20%). 

6. TEMED. 

7. EtBr (2 ug/mL) in IX TAE buffer. 

2.4. Gel Equipment and Thermoregulation 

Gel systems can be commercially acquired from Bio-Rad (Hercules, CA) or 
may be built from components from various sources. The system described 
next is routinely used in our laboratory and is based on a standard slab gel 
system. 

1. PROTEAN II xi Cell (Bio-Rad). Modify the central cooling core by cutting out 
the central portion. This modification ensures uniform temperature in the gel 
when the electrophoresis cell is immersed in a temperature-controlled buffer bath 
(see Note 4). 

2. Glass plates: 16 x 20 cm (inner plate) and 18.3 x 20 cm (outer plate). 

3. Spacers, 1 mm. 

4. 25-Well combs, 1 mm. 

5. Glass or acrylic tank: approx 45 x 30 x 30 cm (length x width x height). 

6. Immersion circulator that combines heating, thermoregulation, and stirring. 

7. Two-chamber gradient maker and magnetic stirrer. 

8. Power supply. 

9. Polypropylene spheres. 

3. Methods 

3.1. Isolation of RNA and Synthesis of cDNA 

Any sample of high-quality cDNA may be used as template for the PCR/ 
DGGE clonotype mapping procedure. In our laboratory, we use two different 
methods for the isolation of RNA, depending on the number of cells to be 
analyzed. For cell numbers >10 5 , most conventional procedures may be used. 
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Table 1 

Primer Sequences 3 


Size 

BV Sequence Position (bp) AG T m 


BV1 

5'-(GC 6 )-ACTCTGAACTAAACCTGA-3' 

-55 

199 

-41.3 

51.2 

BV2 

5'-TCAACCATGCAAGCCTGACC-3' 

-74 

212 

-39.3 

55.7 

BV3 

5'-CGCTTCTCCCTGATTCTGGAGTCC-3' 

-54 

192 

-47.1 

61.2 

BV4 

5'-TTCCCATCAGCCGCCCAAACCTA-3' 

-81 

219 

-49.9 

65.0 

BV5 

5 '-CTG AG ATG A ATGTG AGC ACCTTG-3' 

-51 

189 

-39.8 

53.9 


5'-CTGAGCTGAATGTGAACGCCTTG-3' 

-51 

189 

-43.4 

58.6 

BV6 

5'-AGATCCAGCGCACAGAGCG-3' 

-41 

179 

-39.3 

56.2 


5 '-AG ATCC AGCGCACAS AGC A-3' 

-41 

179 

-37.6 

54.9 

BV7 

5'-GCCAAGTCGCTTCTCACCTG-3' 

-90 

228 

-39.3 

54.8 

BV8 

5'-TGAAGATCCAGCCCTCAGAACCC-3' 

-43 

181 

-45.3 

60.2 

BV9 

5 '-TCTCACCTAAATCTCC AGACAA AG-3' 

-80 

183 

-40.5 

51.4 

BV10 

5 '-CCACGGAGTC AGGGGAC AC A-3' 

-32 

170 

-39.9 

57.8 

BV11 

5'-TGCCAGGCCCTCACATACCTCTCA-3' 

-31 

169 

-47.4 

63.5 

BV12 

5 '-G AG A ATTTCCTCCTC ACTCTGG-3' 

-41 

185 

-39.2 

51.2 


5 '-GACCTCCCCCTCACTCTGG-3' 

-44 

182 

-37.8 

53.0 

BV13 

5 '-CTCAGGCTGCTGTCGGCTG-3' 

-45 

183 

-39.2 

56.8 


5'-CTCAGGCTGGAGTTGGCTG-3' 

-45 

183 

-37.5 

53.1 

BV14 

5 '-AGGGTACAAAGTCTCTCG AAA AG-3' 

-84 

222 

-40.4 

50.7 

BV15 

5'-CAGGCACAGGCTAAATTCTCC-3' 

-65 

203 

-40.2 

53.1 

BV16 

5 '-(GC 11 )-GGCG A ACTGG AGG ATTCTGG AGT-3' 

-30 

181 

-42.0 

55.4 

BV17 

5 '-G A AGGGT AC AGCGTCTCTCGG-3' 

-87 

225 

-41.0 

55.3 

BV18 

5, TttctGCTGAATTTCCCAAAGAGG-3' 

-81 

219 

-45.7 

57.7 

BV19 

5-TCTCAATGCCCCAAGAACGCAC-3' 

-74 

212 

-44.5 

60.8 

BV20 

5'-AGGTGCCCC AG A ATCTCTC AG-3' 

-95 

233 

-40.3 

54.7 

BV21 

5'-(GC 8 )-GCTCAAAGGAGTAGACTCCACTCTC-3' 

-65 

211 

-42.5 

53.9 

BV22 

5'-AGATCCGGTCCACAAAGCTG-3' 

-35 

173 

-39.2 

54.0 

BV23 

5'-ATTCTGAACTGAACATGAGCTCCT-3' 

-53 

191 

-41.1 

53.0 

BV24 

5'-ATCC AGG AGGCCG A AC ACTTC-3' 

-77 

215 

-42.0 

56.8 

BCup 

5 '-GGGT AG AGC AG ACTGTGGC-3' 


148 

-35.6 

49.3 

BCdown 

5'-CTTTCTCTTGACCATGGCC-3' 



-36.2 

49.3 

BV-Mix 

5 '-G A ACC ATRRCT AC ATGRHCTGGT A-3' 


550 




BC-4 5'-CCCGTAGAACTGGACTTGACAGCGG-3' 

BC 5'-GACCGCGGGTGGGAACAC-3 

Clamp 5'-CGGCGCCGCCCGCCGCTCGCCCGCCGCGCCCCTGCCCGCCGCCCCCGC 
(GC) CC-3' 

GAPup 5AGGGGGGAGCC A A A AGGG 

GAP 5'-GAGGAGTGGGTGTCGCTGTTG 589 

down 


“Position +1 of the BV primers is determined as the first nucleotide after the sequence coding 
for the conserved amino acid sequence CASS in the proximal end of the variable region. The 
approximate sizes of the PCR products are calculated using an estimated mean length of the DJ 
region of 50 bp. 
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We use the Purescript Isolation Kit (Gentra Systems, NC) following the manu¬ 
facturer’s instructions. For low numbers of cells (down to 200) (see Note 5), we 
use the protocol described by Klebe et al. ( 7 ). 

For synthesis of cDNA, several RTs are commercially available. In our 
hands, the most reproducible synthesis of high-quality cDNA is achieved using 
the Superscript II RT (Gibco-BRL, Life Technologies) in a random hexamer- 
primed reaction. 

3.2. Examination of Quantity and Quality of cDNA 

Irrespective of the method used for the preparation of RNA, the quality of 
cDNA and the presence of TCR cDNA must be determined by PCR amplifica¬ 
tion using primer pairs specific for the house-holding gene GAPDH and 
TCRBC, respectively (see Note 6). 

For the examination of conventionally isolated RNA, prepare serial 1:2 
dilutions of an aliquot of the cDNA. cDNA from low cell numbers is ampli¬ 
fied undiluted. Prepare a PCR master mix for each of the primer sets 
GAPup/GAPdown and BCup/BCdown. The protocol given next is scaled 
for a single reaction but should be scaled according to the actual number 
of reactions. 

1. Mix 1.0 pL of upstream primer (10 pmol/pL), 1.0 pL of downstream primer 
(10 pmol/pL), 2.5 pL of 10X PCR buffer, 5.0 pL of PCR-compatible dye, cDNA, 
and H 2 0 to a total volume of 20 pL. Use a volume of 4 pL for the amplification 
of cDNA from low cell numbers. Any suitable cDNA volume not exceeding 4 pL 
can be used for the amplification of cDNA from conventionally isolated RNA. 
Keep on ice. 

2. For each reaction, prepare a start mix (see Note 7): 0.2 pL of AmpliTaq poly¬ 
merase, 0.2 pL of 10 m M dNTPs, and 4.6 pL of H 2 0 to a total volume of 5 pL. 

3. Add 20 pL of PCR master mix solution to each PCR tube. Place the tubes in the 
PCR machine and run the following parameters: 94°C for 1 min, 60°C for 30 s, 
72°C for 45 s. Add start mix (5 pL) to each reaction at an 80°C step of the first 
cycle. Amplify cDNA from conventionaly isolated RNA for 30 cycles, and 
amplify cDNA from low numbers of cells for 42 cycles. The 42-cycle BC-PCR 
should give rise to a weak band in the agarose gel to ascertain that sufficient 
amounts of TCR cDNA are available for the subsequent preamplification of all 
TCRB transcripts using the primer pair BV-Mix and BC4 (Table 1, Fig. 2). 

4. Electrophorese 6-pL aliquots of the PCR reactions in an agarose gel together 
with an 8-pL aliquot of DNA mass ladder. Analysis of serially diluted cDNA 
enables an approximate relative evaluation of the amount of TCRB cDNA in the 
sample. Each of the subsequent 24YCRBV1-24 amplifications should be 
carried out using an amount of cDNA giving rise to approx 80 ng of TCRBC 
PCR product/6 pL. 
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3.3. Preamplification of cDNA from Low Cell Numbers 

1. For each reaction, prepare a master mix as follows: 1.0 pL of BV-Mix primer 
(10 pmol/pL), 1.0 liL of BC4 primer (10 pmol/pL), 2.5 pL of 10X PCR buffer, 
5.0 pL of PCR-compatible dye, and 4.0 pL of cDNA and H 2 0 to a total volume 
of 20 pL. 

2. Place the PCR tubes in the PCR machine and run the following parameters: 94°C 
for 1 min, 60°C for 30 s, and 72°C for 45 s for 25 cycles. Use touchdown going 
from 65 to 60°C over the first 10 cycles. Add 5 pL of start mix to each reaction at 
an 80°C step of the first cycle. 

3.4. PCR for Clonotype Mapping of TCRBV1-24 

1. Prepare a PCR master mix for 26 reactions ( see Note 8) as follows: 65.0 pL of 
10X PCR buffer, 130.0 pL of PCR-compatible dye, 26.0 pL of BC-GC primer 
(10 pmol/pL), cDNA or preamplified cDNA and, H 2 0 to a total volume of 
494 pL. 

2. Mix well and keep on ice. 

3. Distribute 1 pL of each of the BV primers (10 pmol/pL) to 25 tubes {see Notes 9 
and 10 ). 

4. Add 19 pL of PCR master mix to each tube. 

5. Mix briefly and spin to collect liquid. 

6. Put the tubes in the thermal cycler and run 40 cycles (parameters as in Subhead¬ 
ing 3.2.); add 5 pL of start mix to each tube at the 80°C step of the first cycle. 

3.5. DGGE Analysis (see Note 11,) 

3.5.1. Preparing the Gel 

1. Clean glass plates carefully with ethanol and cover them with a thin layer of 
Photo-flo 600 solution to reduce surface tension. Assemble the gel sandwich 
according to the supplier’s instructions. 

2. From the stock solutions of acrylamide and denaturants, prepare two solutions of 
14 mL each (for a 28-mL gel) corresponding to the two end points of the desired 
denaturant concentration range (20 and 80% denaturant, respectively). 

3. Add 50 pL of 20% ammonium persulfate and 6 pL of TEMED to each solution 
and mix by gently swirling. 

4. Pour the two gel solutions into the gradient maker, ensuring that the solution of 
higher denaturant is poured into the mixing chamber (the chamber with the outlet 
and the magnetic stirrer). Avoid introducing bubbles by too vigorous mixing. 

5. Open the valve interconnecting the two chambers and let some solution pass 
between the chambers to ensure that air bubbles do not block the connecting pipe. 

6. Open the outlet and introduce the gradient into the gel sandwich from the top by 
gravity flow or with a peristaltic pump. 

7. Insert the comb gently and at an angle, and let the gel polymerize for 30-45 min. 

8. Remove the comb and immediately flush the wells carefully with IX TAE buffer 
to remove unpolymerizsed acrylamide (see Note 12). 
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3.5.2. Running and Staining the Gel 

1. Attach the gel sandwich to the central cooling core, fill the upper buffer chamber 
with IX TAE buffer, and load the samples. Immediately immerse the gel assem¬ 
bly into the temperature-controlled tank filled with IX TAE buffer, and cover the 
buffer surface with polypropylene spheres to minimize evaporation. 

2. Run the gel at 58°C, 160 V for 4.5 h. 

3. After electrophoresis, stain the gel in IX TAE buffer containing EtBr (2 ug/mL) 
for 10 min. Destain the gel in IX TAE buffer if required. Photograph the gel on a 
UV transilluminator. 

3.5.3. Excision of Clonal TCR Transcripts for Sequencing 

1. Localize the clonal transcript and carefully excise it from the gel with a clean 
scalpel. 

2. Incubate the gel slice in 100 |xL of H 2 0 overnight (or longer) at 4°C. 

3. Use 1 pL of this eluate as template in a new 30-cycle PCR reaction. As down¬ 
stream primer, use the unclamped BC primer. 

4. Sequence the PCR product with any of the primers used in the reamplification. 

3.6. Discussion 

A high number of clinical and pathologic conditions have been analyzed for 
the presence of clonotypic T-cells, and an almost equally high number of dif¬ 
ferent methods have been utilized. The most widely used methods are based on 
RT-PCR followed by single-strand conformation polymorphism (SSCP) (8) or 
CDR3 size determination (Immunoscope® technique) (9). The TCR clonotype 
mapping methodology, as detailed above, was developed with the aim of 
establishing a sensitive and high-resolution method that is simple and requires 
little hands-on time. The entire procedure for detecting T-cell clones in any of 
the amplified BV families in a sample of cDNA may be completed within 8 h, 
and the EtBr-stained gel provides a visual map that can be directly photo¬ 
graphed or saved as a computer file. 

Compared to TCR clonotype mapping, SSCP-based analyses suffer from 
the fact that EtBr stains single-stranded DNA only weakly, and, therefore, 
radioactive labeling is often used to visualize bands in SSCP gels. This, in turn, 
implies that bands representing clonal transcripts cannot be readily excised 
from the gel for further analysis. More important, SSCP analysis of a single 
clonal transcript gives rise to at least two bands in the gel, corresponding to the 
two strands of the DNA double helix. This constitutes a serious problem when 
analyzing complex T-cell infiltrates that may comprise numerous T-cell clones 
for each variable family. The one band/one clone readout of TCR clonotype 
mapping circumvents this problem (5). 

The major shortcoming of the Immunoscope methodology is quite different. 
The presence of a single heavily expanded T-cell clone in each BV family will 
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Fig. 3. TCR clonotype mapping of the T-cell infiltrate in an sc melanoma lesion. 
PCR products were loaded onto a 20-80% denaturing gradient gel and run for 4.5 h at 
160 V at a constant temperature of 58°C. DNA was stained with ethidium bromide and 
photographed under UV light. 


undoubtedly be detected by this method. However, the profile of an oligoclonal 
population of T-cells may be similar to that of polyclonal populations, imply¬ 
ing the risk of underestimating the number of individual clones. The risk of 
overlooking T-cell clonality is minimized when the method is used at its full 
potential, but this will require more than 300 PCR reactions and subsequent 
computerized analyses. 

We have used the TCR clonotype mapping methodology for a number of 
different approaches. Recently, we analyzed melanoma lesions for the pres¬ 
ence of clonotypic T-cells and disclosed that the number of clonally expanded 
T-cells in tumor-infiltrating lymphocytes (TILs) of melanoma is much higher 
than previously anticipated (Fig. 3) ( 4 , 10 ). Thus, the numbers of in situ T-cell 
clonotypes in melanoma are in the range of 40 to more than 60, establishing 
that melanoma cells in vivo raise a highly complex and heterogeneous T-cell 
response. In the same study, we compared T-cell clonotypes from separate 
lesions, taking advantage of the capacity of TCR clonotype mapping to dis¬ 
close sequence identity by a single gel run. Strikingly, only a very limited frac¬ 
tion of the expanded T-cells could be detected in more than a single lesion, 
indicating that the T-cell response against melanoma is mainly composed by 
locally expanded T-cells that do not enter the periphery (Fig. 4 ) ( 11 ). The ease 
of comparing TCR transcripts using TCR clonotype mapping also makes this 
method ideal for comparative analyses of in vitro-established T-cell lines and 
clones ( 12 ). Comparative analyses formed the basis of a recent study in which 
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Fig. 4. Examples of comparative TCR clonotype mapping. T-cell clones in four 
separate sc melanoma lesions (L1-L4) were compared. LI and L2 were divided into a 
regressive (L1R) and a progressive (LIP) part. Note that the vast majority of the com¬ 
pared TCR transcripts resolve at different positions in the gel and thus are different. 
Analysis of PBLs from the patient demonstrated the presence of a T-cell clonotype 
expressing the BV4 region. This T-cell clone, however, was different from the BV4 
clonotype detected in the tumor lesions. 


in situ T-cell clonotypes from melanoma lesions were monitored during in vitro 
culture. The comparison of more than 150 clonotypic TCR transcripts demon¬ 
strated that the vast majority of in situ T-cell clones in melanoma are not ame¬ 
nable to in vitro expansion (unpublished data). 

This chapter has focused on describing TCR clonotype mapping methodol¬ 
ogy for the detection of expanded T-cells in humans. However, the method 
was established for the detection of murine T-cell clonotypes and has been 
used to analyze TILs in B16 melanoma lesions (13,14). 

4. Notes 

1. Depending on the supplier of oligos, a substantial fraction of a given oligo is not 
of full length. This fraction increases with length and we recommend that the 
BC-GC primer be ordered purified by high-performance liquid chromatography 
to be of the correct length. 

2. During PCR amplification, the polymerase may introduce errors into the 
sequence. In the subsequent DGGE analysis of the PCR products, these mutants 
will be physically separated from the correctly amplified sequences. Because the 
PCR-induced mutations are scattered randomly in the target sequence, the mutant 
amplicons will migrate to different positions in the denaturing gradient gel and 
add to the background smear. However, when TCR clonotype analyses are car¬ 
ried out on very low numbers of cells, there is a risk that polymerase- 
introduced errors will be detected as an additional T-cell clone. In these cases, 
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the use of polymerases with low error rates or proofreading may significantly 
reduce this risk. 

3. Zero percent denaturant stock is acrylamide in IX TAE buffer; one hundred per¬ 
cent denaturant is an arbitrary standard defined as 7 M urea (42 g/100 mL) and 
40% (v/v) formamide. 

4. Successful DGGE analysis depends on accurate temperature control within the 
gel; the temperature must remain constant during the gel run. To avoid local 
temperature differences, it is important that the glass plates of the gel sandwich 
be in direct contact with the heated buffer on both sides, and that the buffer be 
constantly circulated by means of a stirring device. 

5. Do not use cell numbers above 2000 in this procedure. It is our experience that 
cell numbers above 2000 do not increase the amount of RNA/cDNA. 

6. The primers for GAPDH are positioned in different exons, and the TCR constant 
region primers (BCup/BCdown) are positioned at the exon/exon boundary of 
exon 1 and 2, and exon 3 and 4, respectively. These primers, therefore, do not 
amplify genomic DNA. 

7. We use the “hot start” procedure in all our PCR reactions to avoid cold annealing 
and extension. For the amplification of B Vl-24, the hot start is extremely impor¬ 
tant to facilitate the specific amplification of each BV family. 

8. To ensure that enough PCR mix/start mix is available for all reactions, prepare 
the mix for at least one additional reaction. 

9. Some of the BV families are amplified with two primers. With the exception of 
BV13A and BV13B, these primers amplify well in a single tube reaction. This 
implies that the amplification of BV regions 5, 6, and 12 is carried out using two 
BV primers in the same tube. The BV13A and BV13B amplify in separate tubes. 

10. The primers B V1-24 have been carefully selected not only for efficient and spe¬ 
cific amplification but also for melting properties using MELT87. If new primers 
are selected, these should therefore be analyzed similarly to ensure optimal reso¬ 
lution in the denaturing gradient gel. 

11. The amplified TCRB V regions 1-24 encompass DNA molecules with highly dif¬ 
ferent melting properties. To allow analysis of all BV families in a single gel, a 
broad-range denaturing gradient gel (20-80% denaturant) must be used (15,16). 

12. Gels may be prepared the day before use and stored at room temperature or at 
4°C. To inhibit evaporation, overlay gels with Witawrap. 
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1. Introduction 

Direct analysis of T-cells of defined specificity and phenotype, without in 
vitro manipulation that accompanies limiting dilution analysis or other 
restimulation protocols for evaluating precursor frequency, provides the most 
accurate representation possible of in vivo events. The natural ligand of the 
T-cell receptor (TCR), the peptide-major histocompatibility, could be used to 
identify T-cells of a given specificity, but the use of a single peptide-MHC 
would fail because the affinity of the peptide-MHC for its TCR ligand is char¬ 
acterized by a very fast dissociation rate (1,2). A tetrameric peptide-MHC, 
however, exhibits sufficient affinity for its TCR ligand to permit its use as a 
staining reagent in flow cytometry so that peptide-specific T-cells can be visu¬ 
alized by fluorescent markers conjugated to the tetramer (3,4). By combining 
this approach with fluorescent antibodies staining phenotypic markers or intra¬ 
cellular cytokines, this novel and powerful technology now provides a more 
rapid and informative assessment of antigen-specific T-cells in a given popula¬ 
tion. Furthermore, sorting individual tetramer+ cells provides an expeditious 
means for detailed single cell analysis or sorting followed by in vitro expan¬ 
sion. We and others have demonstrated that peptide-MHC tetramers can be 
used for the purposes discussed in the next sections. 

In this chapter, we describe in detail the methods of using peptide-MHC 
tetramers to analyze in vivo precursor frequency, evaluate intracellular 
cytokine production of antigen-specific T-cells, and isolate antigen-specific 
CTL clones from a heterogeneous population. 
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1.1. Estimating the Frequency of Antigen-Specific T-Cells In Vivo 

Current methods of analyzing the in vivo frequency of antigen-specific 
T-cells include the use of limiting dilution analysis of cytotoxic T-lymphocyte 
(CTL) frequency or CTL reactivity to peptide-pulsed targets. However, this 
method requires a period of in vitro peptide stimulation and expansion before 
assay, and this may underestimate the actual CTL frequency because of the 
requirement for clonal expansion to numbers sufficient to mediate lysis of tar¬ 
gets in a chromium release assay. In addition, it fails to provide a true real-time 
evaluation of in vivo events (5). Moreover, analysis of multiple parameters of 
T-cell phenotype and function, such as that achievable by flow cytometry, are 
not possible. ELISPOT analysis provides a representation of CTL frequency 
by enumerating cytokine-producing cells stimulated in vitro in filter wells and 
correlates well with tetramer analysis of antigen-specific CTL (6). However, 
this method is a destructive process that does not permit isolation of viable 
T-cells for further analysis. 

Using peptide-MHC tetramers, it is possible to analyze CTL frequency in the 
peripheral blood of patients to detect antigen-specific T-cells following tumor 
vaccine or adoptive T-cell therapy. Our own studies indicate that peptide tetramers 
can be used to estimate CTL frequencies at a sensitivity of <0.05% of CD8 T-cells 
in previously cryopreserved peripheral blood lymphocyte samples (7). 

1.2. Performing Multiparameter Analysis 
of Individual Antigen-Specific T-Ceiis 

Simultaneous staining of tetramer+ CTLs with antibodies to surface mark¬ 
ers of activation, differentiation, or intracellular cytokine expression can be 
used to provide detailed information about antigen-specific CTLs (7,8). Addi¬ 
tionally, the intensity of tetramer staining has been shown to correlate with 
TCR affinity of both CD4 and CD8 + T-cells (9,10). Because TCR affinity is an 
important factor in determining the fate of T-cells during development (11) 
and an increased TCR affinity can contribute to the avidity of a T-cell for its 
target, tetramers can be useful reagents in studies of T-cell ontogeny and effec¬ 
tor T-cell function. 

1.3. Expediting the Isolation of Antigen-Specific T-Cells 

T-cells recognizing viral or tumor antigens can be identified from the 
peripheral blood and lymph nodes by sorting ex vivo using specific peptide- 
MHC tetramers and expanded in vitro (9,12). Although it may be possible to 
selectively expand T-cell clones using antibodies to TCR V(1 or Va regions 
known to be expressed by high-affinity T-cell clones, this approach cannot be 
broadly applied because a priori knowledge of the TCR V|3 or Va phenotype 
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of the high-affinity clone for each individual is required. We have shown that 
even though the identical peptide was used to generate high-affinity tumor- 
reactive CTL clones from two HLA-A2 + patients, the utilization of TCR V|3 
among these clones was diverse (unpublished data). 

The use of peptide-MHC tetramers to select high-avidity tumor-reactive 
T-cells would decrease significantly the resources and time required to isolate 
T-cell clones from patients whose advanced disease often curtails the window 
of opportunity for initiating adoptive therapy. 

2. Materials 

2.1. Staining of Antigen-Specific CTLs 

1. Staining solution: RPMI, 1% fetal calf serum (FCS) or human AB serum. 

2. Anti-CD8 fluorescein isothiocyanate (FITC) conjugate (aCD8-FITC) — we have 
tested a number of anti-CD8 FITC conjugates and found that the one from Caltag 
works best. 

3. Anti-CD4 Cy5PE. 

4. Anti-CD 14 Cy5PE conjugate (aCD14-Cy5PE). 

5. Anti-CD16 Cy5PE conjugate (aCD16-Cy5PE). 

6. Anti-CD19 Cy5PE conjugate (aCD19-Cy5PE). 

2.2. Intracellular Cytokine Analysis of T-Cells 

1. Anti-CD8 Cy5PE conjugate (aCD8-Cy5PE) 

2. Anti-CD 14 FITC conjugate (aCD14- FITC) 

3. Anti-CD16 FITC conjugate (aCD16- FITC) 

4. Anti-CD 19 FITC conjugate (aCD19- FITC) 

5. Anti-interleukin-10 (IL10) antigen-presenting cell (APC) conjugate (cdL-10-APC) 

6. Anti-IL-2 APC conjugate (odL-10-APC) 

7. Anti-interferon-y (IFN-y) APC conjugate (aIL-10-APC) 

8. Anti-tumor necrosis factor-a (TNF-a) APC conjugate (cdL-10-APC). 

9. Isotype controls for APC conjugate (rat IgG 2a , mouse IgGj). 

10. Saponin. 

11. Phorbol 12-myristidate 13-acetate (PMA). 

12. Ionomycin. 

13. Brefeldin A. 

14. Fc-Block. 

2.3. Isolation and Expansion of T-Cells 

1. CTL media: RPMI, 25 m M HEPES, 2 m M L-glutamine, 10% human serum. 

2. aCD3 antibody. 

3. IL-2. 

4. Allogeneic peripheral blood mononuclear cells (PBMCs). 

5. Allogeneic EBV-transformed lymphoblastoid cell lines (LCLs). 
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Fig. 1. Titration of a G154 peptide-MHC tetramer. A representative gplOO (G154) 
peptide-specific CTL clone is stained with the G154-tetramer conjugated to PE at concen¬ 
trations of 10, 20, 40, and 80 pg/mL. A 1:60 concentration of anti-CD8 FITC (Caltag) is 
used in each sample. Increased staining intensity and tighter clustering of tetramer-positive 
cells is observed with increasing tetramer concentration and plateaus at concentrations 
>40 ug/mL. A concentration of 40 pg/mL is used for subsequent studies. 


3. Methods 

3.1. Staining and In Vivo Frequency Analysis 
of Antigen-Specific CTLs 

3.1.1. Titrating Tetramer Concentration for Staining (see Fig. 1 ) (Note 1) 

1. Prior to using any tetramer reagent, titrate the optimal concentration using antigen- 
specific CTL controls. Prepare a positive control (antigen-specific CTL clone or 
line) and a negative control (irrelevant antigen-specific CTL clone or line 
restricted to the same HLA allele). 

2. Prepare five aliquots of 5 x 10 s cells each in 30-pL of staining solution. 

3. Add Tetramer-PE in concentrations of 0, 10, 25, 50, 75, and 100 pg/mL. 

4. Continue staining as described in step 4 of Subheading 3.1.2. 

3.1.2. Sample Preparation and Staining 

1. Ficoll peripheral blood. If using a frozen sample, thaw in the presence of DNase 
(30 pg/mL), and then Ficoll. Wash twice with RPMI + 5% FCS (Note 2). 

2. Aliquot 3 x 10 5 to 1 x 10 6 PBMCs in 30 pL of staining solution (use V- or 
U-bottomed 96-well plates). 

3. Add Tetramer-PE to optimal dilution (25-100 pg/pL; see Subheading 3.1.1.). 

4. Incubate for 30-60 min at room temperature. 

5. Add anti-CD8-FITC and Cy5PE dump antibodies (anti-CD4,14,16) (Note 3). 

6. Incubate for 30 min at 4°C. 

7. Wash in a 10X volume (300 pL) of staining solution. Repeat. 

8. Resuspend in 200 pL of staining solution. Transfer to 200 pL of 0.2% paraform¬ 
aldehyde fixative or 200 pL of staining solution (if proceeding to sort). 
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3.1.3. Flow Cytometry Analysis 

1. Render compensation using singly stained cells (PBMCs or CTLs) for each of 
the fluorochromes: FITC, PE, and Cy5PE. 

2. Gate on lymphocyte population by FSC and SSC, and negatively gate out 
Cy5PE+ cells (accept only Cy5 PE-negative cells). 

3. Collect a minimum of 100,000 events, preferably 500,000. 

4. For more accurate evaluation, also run standard dilutions of antigen-specific 
CTLs in autologous PBMCs from 1:100 to 1:100,000. 

3.2. Multiparameter Analysis for Intracellular 
Cytokine Staining (see Fig. 2) 

1. Stimulate PBMCs with 1 ug/mL of PMA and 0.25 pg/mL of ionomycin for 6 h at 
37°C, or with 10 pg/mL of relevant peptide for 18 h (Note 5). 

2. After the first 3 h add 10 pg/mL of Brefeldin A to culture (Note 6). 

3. At the end of 6 h of incubation, add Fc-Block for 20 min at 4°C to block Fc receptors. 

4. Aliquot samples of 1 to 3 x 10 6 cells in staining solution with the relevant peptide- 
MFIC tetramer-PE (see Subheading 3.1.1. for optimal concentrations). 

5. Stain at room temperature for 30 min. 

6. Add anti-CD4-FITC, CD14-FITC, and CD19-FITC to be used as the “dump” 
cocktail when gating, and anti-CD8Cy5 PE to identify the CD8 + T-cells (Note 3). 

7. Fix cells for 20 min at 4°C with 2% paraformaldehyde in phosphate-buffered 
saline (PBS). 

8. Permeabilize for 10 min at room temperature using 0.5% saponin in PBS. 

9. Stain cells in permeabilization buffer for 20 min at 0°C with predetermined 
optimal concentrations of APC-conjugated anti-IL-2, anti-IL10-, anti-IFN-y, or 
anti-TNF-a. 

10. As negative staining control, stain cells with isotype-matched control antibody 
APC-conjugated rat IgG 2a , mouse IgGj. 

11. Wash cells twice in permeabilization buffer and once in FACS buffer and then 
analyze by four-color flow cytometry. 

3.3. Isolation of Antigen-Specific CTLs (see Fig. 3^ 

1. Stain as described in Subheading 3.1.2. Do not use sodium azide in the staining 
solution or fixative (paraformaldehyde). 

2. Sort on CD8 + , C'y5 , Tetramer+ population with high stringency (i.e., collect cells 
only in the third decade) into a sterile tube of CTL media (Note 7). 

3. Clone at limiting dilutions of 5-0.5 cells/well in 96-well plates containing the 
following (200-pL final volume): 5 x 10 6 irradiated allogeneic PBMCs/plate, 
1 x 10 6 irradiated LCLs/plate, 30 ng/mL of anti-CD3 (OKT3), and IL-2 (50 U/mL) in 
CTL media (Notes 8 and 9). 

4. Evaluate for peptide/antigen specificity as follows: 

a. Pulse A221-A2 cells with 10 pg/mL of peptide for 2-18 h (Note 10). 

b. Pulse A221-A2 cells with irrelevant peptide. 
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Fig. 2. Concurrent intracellular cytokine staining can be used to evaluate antigen- 
specific CTL function. Following in vitro stimulation of peripheral blood mononuclear 
cells, intracellular cytokine staining (TNF-a and IFN-y) of PBMCs from a CMV- 
seropositive donor demonstrates significant cytokine production (50-60% of 
CMV-specific CTL). The PE-conjugated peptide MHC tetramer synthesized using the 
immunodominant HLA-A2-restricted peptide of the CMV pp65 was used to stain 
CMV-specific CTL. 


c. Harvest 100 pL of the wells demonstrating clonal growth and divide this ali¬ 
quot into each well containing either positive or negative chromium-labeled 
targets (2000 targets/well of a 96-well plate). 

d. Incubate for 4 h. Harvest the supernatant for evaluation of specific chromium 
lysis. Wells with clones demonstrating >30% lysis and negative target lysis 
of <5% are harvested and expanded for further analysis. 
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Fig. 3. Isolation of antigen-specific, high-affinity CTL clones from a heterogeneous 
population. Cy5PE", CD8-FITC + , gplOO (G154 peptide)-Tetramer hl T-cells are sorted 
and cloned into 96-well plates. Wells demonstrating growth after 2 wk are screened 
for peptide-specific (221-A2 + gplOO peptide) and tumor-specific (624mel) lysis. 
Selected clones are expanded for further analysis or adoptive T-cell therapy. (A375 is 
an HLA-A2 + , gp 100-negative melanoma cell line, and 624mel is an HLA-A2 + , gp 100- 
positive melanoma cell; both cell lines were a generous gift of Y. Kawakami.) 
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4. Notes 

1. Titration of tetramers is equally important. Each tetramer must be individually 
titrated against a CTL line or clone with specificity for the MHC-peptide of inter¬ 
est. The optimal tetramer staining concentration is the lowest concentration that 
reaches saturation. Using too low of a tetramer concentration for staining will 
decrease sensitivity, and too high of a concentration will increase background 
staining. Both will interfere with the ability to distinguish true positive cells from 
background (signal-to-noise ratio). 

2. Preparation of cell samples for analysis is one of the most important steps for 
ensuring accurate and reproducible staining/sorting. Because most samples will 
be originally frozen, cell death following thawing can be as high as 30-40%. The 
clumping of cells that appears especially during periods of prolonged incubation, 
i.e., for staining or T-cell activation, can be mitigated by doing the following: 

a. Ficoll to remove dead cells following thawing. This is time-consuming and 
can result in loss of viable cells for staining; it has also been known to activate 
T-cells transiently. 

b. Add DNase for 5 min prior to the first wash after thawing, to remove clump¬ 
ing as a result of DNA released by dead cells. 

c. Incubate overnight in CTL media supplemented with low-dose IL-2 (5 U/mL) or 
1L-7 (10 ng/mL). Antigen-specific CTLs do not proliferate during this interval, 
and nonspecific background staining is significantly reduced with this approach. 

3. Tetramers may nonspecifically bind to monocytes, natural killer cells, and occa¬ 
sionally B-cells, so the use of the dump antibody cocktail (to CD14, CD16, and 
CD 19) is important, especially for analysis of T-cell frequency in the peripheral blood. 

4. Tetramers should be stored at 4°C (never in the freezer) in the presence of excess 
peptides and protease inhibitors. They have a shelf life of approx 3-6 mo but 
should be re-titrated approximately every month. 

5. PMA/ionomycin is a potent activator of T-cells in vitro; absence of a cytokine 
response demonstrates severely crippled T-cell function. However, it is a 
supraphysiologic mediator of activation, and more subtle T-cell responses may 
be better assessed following TCR stimulation with peptide-pulsed or antigen¬ 
positive targets, especially when evaluating cytokine profiles. 

6. Brefeldin A or monensin is used to block transport of cytokines through the Golgi 
apparatus, resulting in the accumulation of cytokines intracellularly and a poten¬ 
tially stronger signal when stained using anticytokine antibodies. 

7. In a heterogeneous population of lymphocytes, i.e., in the peripheral blood or in 
vitro-stimulated culture, we have demonstrated that isolation of tetramer hl CD8 + 
T-cell clones exhibits a higher avidity for their antigen-specific target than 
tetramer 10 CD8 + T-cell clones, although both phenotypes continue to maintain 
their peptide specificity. For this reason, sorting cells with a higher stringency, 
i.e., those with a fluorescent signal in the third decade, will yield a higher per¬ 
centage of antigen-specific CTLs of interest. The temperature at which staining 
occurs can also influence the degree of staining that is seen. Whereas we have 
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conducted our studies at 4°C or room temperature, there are data to suggest that 
tetramer staining at 37°C may yield a more specific high-affinity population of 
antigen-specific CTLs (13). 

8. Cloning of tetramer+, CD8 + T-cells can be done directly in 96-well plates at a set 
number of cells/well in most cell sorters equipped with an adapter plate (Van¬ 
tage, BDIS). However, cloning efficiency using this approach may vary accord¬ 
ing to the antigen-specific T-cell of interest. Thus, multiple plates inoculated with 
varying numbers of cells/well (1-5 cells/well) will provide an optimal yield of 
clones. When using this method, plates should be prepared beforehand so that 
wells already contain feeder cells, anti-CD3, and IL-2 prior to cell sorting. 

9. Although commercial lots of human AB serum can provide adequate T-cell 
growth in some cases, we recommend the use of freshly pooled volunteer serum 
AB donors when possible. Individual lots can vary widely in their ability to support 
T-cell growth, and multiple lots should be tested prior to their use in CTL media. 

10. A221-A2 cells are an EBV-transformed, class I-deficient mutant line that has 
been modified to express HLA-A2. This line serves as a useful target for evaluat¬ 
ing peptide-specific lysis restricted to HLA-A2. Autologous EBV-transformed 
B-cell LCLs may also serve as targets in patients whose antigen target is pre¬ 
sented by other alleles. Alternative surrogate markers of antigen recognition 
include measurements of cytokine release (e.g., granulocyte macrophage colony- 
stimulating factor or IFN-y) following 24 h of incubation. 
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